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a Krefting Research Centre, University of Gothenburg, Gothenburg, Sweden 
b Respiratory Medicine and Allergy, Department of Internal Medicine & Clinical Nutrition, Institute of Medicine, University of Gothenburg, Gothenburg, Sweden 
c Section of Allergology, Sahlgrenska University Hospital, Gothenburg, Sweden 
d Dept of Public Health and Clinical Medicine, Section of Sustainable Health/the OLIN Unit, Umeå University, Umeå, Sweden 
e Faculty of Medicine and Life Sciences, University of Tampere, Tampere, Finland 
f Department of Respiratory Medicine, Seinäjoki Central Hospital, Seinäjoki, Finland 
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A B S T R A C T   

Background: Coexistence of asthma, rhinitis, and eczema has been studied in children, but data are lacking in 
adults. As new treatments emerge, epidemiological data on the coexistence are needed. 
Aims: To study the prevalence of concomitant asthma, rhinitis and eczema in the general adult population and 
among those sensitized to aeroallergens, and to study associations between background characteristics and risks 
of phenotypes of asthma, rhinitis, and eczema. 
Methods: In the West Sweden Asthma Study, phenotypes and sensitization profiles of 1103 randomly selected 
adults (16–75 years) were assessed. The methods included measures of serum-IgE and structured interviews on 
asthma, rhinitis, eczema, their associated symptoms, and relevant risk factors. 
Results: Among all participants and in those sensitized, 2% and 6% had concomitant asthma, rhinitis, and 
eczema, respectively, and the condition did not differ by age or sex. Corresponding figures for asthma and 
rhinitis, but not eczema, was 8% and 19%, respectively. Determinants of coexistence of the three conditions were 
family history of asthma/allergy, body mass index, and occupational exposure to gas, dust and fumes. 
Allergic sensitization in those with asthma, rhinitis and eczema was found in 78%, in those with asthma and 
rhinitis but not eczema in 65%, in those with asthma and eczema but not rhinitis in 40%, while only 5% were 
sensitized among those having asthma only. 
Conclusions: In the general adult population about 2% have concomitant asthma, rhinitis, and eczema. Of 
sensitized adults, about 6% has coexistence of the three conditions.   

1. Introduction 

Asthma, rhinitis and eczema are common chronic disorders that are 
associated with well-recognized impact on the quality of life of affected 
individuals. The prevalence of asthma and rhinitis has increased 
worldwide across all ages [1,2], as well as in the Nordic countries [3–9]. 
Two large population based studies in Sweden have demonstrated that 

the prevalence of current asthma increased from 8% to 11% over the last 
20 years and from 8% to 9% over the last 10 years up to 2016, with 
increase in prevalence being particularly high for allergic rhinitis [8,9]. 
Between 1991 and 2010, a study from Italy reported 3% and 9% increase 
in the prevalence of current asthma and allergic rhinitis among adults, 
respectively [10]. Among Swedish adolescents, lifetime and current 
prevalence of rhinitis increased by 11% and 7%, respectively, between 
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Contents lists available at ScienceDirect 

Respiratory Medicine 

journal homepage: http://www.elsevier.com/locate/rmed 

https://doi.org/10.1016/j.rmed.2020.106250 
Received 19 October 2020; Accepted 19 November 2020   

mailto:teet.pullerits@lungall.gu.se
mailto:erik.ronmark@gmail.com
mailto:linda.ekerljung@lungall.gu.se
mailto:mona.palmqvist@vgregion.se
mailto:mona.palmqvist@vgregion.se
mailto:monica.be.arvidsson@vgregion.se
mailto:roxana.mincheva@gu.se
mailto:helena.backman@norrbotten.se
mailto:helena.backman@norrbotten.se
mailto:hannu.kankaanranta@epshp.fi
mailto:pinja.ilmarinen@epshp.fi
mailto:madeleine.radinger@lungall.gu.se
mailto:bo.lundback@gu.se
mailto:bright.nwaru@gu.se
www.sciencedirect.com/science/journal/09546111
https://http://www.elsevier.com/locate/rmed
https://doi.org/10.1016/j.rmed.2020.106250
https://doi.org/10.1016/j.rmed.2020.106250
https://doi.org/10.1016/j.rmed.2020.106250
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmed.2020.106250&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Respiratory Medicine 176 (2021) 106250

2

2000 and 2008 [11]. During the last 30 years, the prevalence of atopic 
eczema has also increased among children, with prevalence in Western 
countries ranging from 9% in Switzerland [12] to 26% in Sweden, where 
a wider definition may have been used [13]. In adults, there are paucity 
of data on the prevalence of eczema and it is unclear whether the 
prevalence is increasing. However, some studies report that the preva-
lence in Northern Europe and USA is around 10% [14–16]. The Euro-
pean Community Respiratory Health Survey II (ECRHS II), which was 
performed in 11 European countries and the United States in 1998, 
found that the overall prevalence of participant-reported eczema in 
adults is 7% [17]. Another study performed in the USA, Canada, Japan, 
and major European countries that used strict criteria, including use of 
medication, reported the prevalence of atopic eczema in adults to be low 
and ranging from 1 to 4% [18]. 

Asthma, rhinitis and atopic eczema share several common patho-
physiological mechanisms. During the course of the atopic march, 
children often first get atopic eczema and then develop asthma and 
rhinitis [19]. Whilst the coexistence of asthma, rhinitis and atopic 
eczema has mainly been evaluated in childhood and teenage studies [20, 
21], data from adult populations are lacking. For instance, in the 
Swedish BAMSE birth cohort study the coexistence of the three condi-
tions occurred less often in preschool children than among school chil-
dren, increasing from less than 1% at the age of 4 years to 1% at the age 
of 8 and 12 years [20]. In a large US population-based study of adults, 
the prevalence of coexistence of eczema and asthma and/or hay fever 
was 3% [14]. Apart from this previous US study, to our knowledge, our 
previous report was the only other study that has evaluated the preva-
lence of coexistence of asthma, rhinitis and eczema in an adult popu-
lation, showing that the prevalence of co-existence of the three 
conditions was around 2% [22]. However, in that study, the sensitiza-
tion profiles of the participants was not taken into account. As novel 
treatment options for allergic diseases evolve, particularly the observed 
effects of IL-4/IL-13R α-chain antibody on both severe asthma and 
eczema, uncovering the extent of the coexistence of allergic diseases and 
their underlying allergic sensitization profiles may facilitate the identi-
fication of therapeutic potentials. 

The aims of the current study were therefore to [1]: describe the 
prevalence of asthma with and without rhinitis and eczema [2]; 
compare the prevalence of coexistence of these diseases in the general 
population and among those who are sensitized to specific aero-
allergens; and [3] investigate the associations between various back-
ground characteristics and risk of both the coexistence of asthma, 
rhinitis, and eczema, and of clinical phenotypes of combinations of the 
conditions. 

2. Methods 

2.1. Study area and population 

The design of the West Sweden Asthma Study (WSAS) has previously 
been described in detail elsewhere [23]. In brief, the Västra Götaland 
region of Sweden includes the city of Gothenburg with a population 
including suburbs of about 1 million, several other small towns and large 
rural areas, amounting to a total population of about 1.7 million. In 
2008, a postal questionnaire on respiratory and allergic symptoms and 
diseases, smoking habits and occupation was mailed to 30 000 randomly 
selected subjects aged 16–75 years in the region [24]. Questions used in 
the questionnaire were adapted from the Swedish version of the Global 
Allergy and Asthma (GA2LEN) questionnaire [5] and the 
OLIN-questionnaire [25], which is used particularly in Nordic countries 
but also other countries [6–9,24,26,27]. Of those who could be traced, 
62% (n = 18 087) responded [23]. A non-response study verified that 
the participants were representative of the population of the study area 
[28]. Of those who responded to the survey, 2000 randomly selected 
subjects were invited to clinical examinations, and 1172 (59%) subjects 
participated in 2009–2012. The study set-up and participation is 

described in Fig. 1. Ethical approval was obtained from the Ethics 
Committee at the University of Gothenburg. 

2.2. Clinical data 

The clinical examinations included an extensive structured inter-
view, with detailed questions about respiratory and allergic symptoms 
and diseases and potential determinants of disease, anthropometric 
measurements, together with various clinical examinations, including 
blood sample for measurement of serum Immunoglobulin E (IgE) [23]. 
Of the 1172 who participated in the clinical examinations, data on 
serum IgE were available for 1103 subjects (52.9% women). The pres-
ence of serum specific IgE to a mixture of common airborne allergens 
was first assessed using an ImmunoCAP®Phadiatop (Thermo Fisher 
Scientific) test. Specific IgE to birch, timothy, mugwort, cat, dog, horse, 
Dermatophagoides pteronyssinus, Dermatophagoides farinae, and Clado-
sporium herbarum was then measured among all those with a positive 
Phadiatop test. A positive serum specific IgE was defined as ≥ 0.35 kU/l. 

2.3. Definition of study variables 

2.3.1. Study outcomes 
Current asthma was defined as affirmative answers to either of the 

two following questions: “Have you ever had asthma?” or “Have you 
ever been diagnosed as having asthma by a physician?” in combination 
with a report of either use of asthma medication, recurrent wheeze or 
attacks of shortness of breath during the last 12 months. Current rhinitis 
was defined based on affirmative answers to either of the following 
questions: “Do you have sneezing, runny nose, or nasal block without 
having a cold?” or “During the last 12 months, have you used medicines 
for hay fewer or other problems of rhinitis, such as runny nose or nasal 
blocking without having a cold?”. Current eczema, referring mainly to 
atopic eczema, was defined by affirmative answers to both of the 
following questions: “Have you ever had an itchy rash which was 
coming and going for at least six months?” and “Have you had this itchy 
rash in the last 12 months?”. Based on the above definitions for current 
asthma, rhinitis, and eczema, we derived four study outcomes [1]: 
asthma only, without concomitant rhinitis and eczema [2]; asthma and 
rhinitis only, but without eczema [3]; asthma and eczema only, but 
without rhinitis; and [4] asthma and rhinitis and eczema: coexistence of 
all three diseases. 

2.3.2. Background characteristics 
Family history of asthma or allergy: “Has any of your parents or sib-

lings ever had asthma” or “Has any of your parents or siblings ever had 
allergic eye or nose problems (hay fever)”. 

Body mass index (BMI) was calculated as follows: weight (kg)/(height 
(m))2. BMI categories were then derived as follows: <25, 25–29.9, and 
≥30 kg/m2. 

Smoking: Smoking status was categorized into three groups: smokers 
include those who reported smoking the year preceding the study; ex- 
smokers those who reported having quit smoking at least one year 
before the study; and non-smokers those who reported neither smoking 
nor ex-smoking. 

Occupational exposure to gas, dust and fumes (GDF): “Have you been 
heavily exposed to dust, gases or fumes at work?” 

Degree of urbanization was dichotomized into towns with >10 000 
inhabitants and towns/villages with ≤10 000 inhabitants. 

Educational level was divided into three categories: less than high 
school, high school, and tertiary level (i.e. university or other corre-
sponding post high school level). 

Raised on a farm: “Did your family live on a farm during your first five 
years of life?” 
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2.4. Statistical analyses 

The Pearson’s Chi-square test was used to evaluate differences in 
proportions between categories of the categorical variables. Multino-
mial logistic regression was used to investigate the associations between 
the background characteristics of the participants and the study out-
comes, with those not having either of the three outcomes (i.e. no 
asthma, rhinitis, and eczema) being used as the reference category in the 
model. Given small numbers for some of the outcomes (e.g., only five 
persons had asthma and eczema without concomitant rhinitis) and 
hence the models became inestimable, we only calculated unadjusted 
associations in which each background characteristic was studied in 
relation to the outcomes. The estimated odds ratios (OR) are accompa-
nied by their respective 95% confidence intervals (CI). All analyses were 
carried out using Stata version 15. 

3. Results 

3.1. Basic characteristics 

Of the 1103 participants, women constituted 53% and were gener-
ally younger than men (mean age 46.2 vs 49.2 years) were (Table 1). 
Compared to men, the proportion of current smokers was greater in 
women (13% vs 19%) (p = 0.058). Whereas the proportion of those with 
BMI less than 25 kg/m2 was greater in women (45%) than in men (29%), 
men (55%) were much more overweight than women (38%), but the 
proportion of obese people was similar in both genders. Men were 
considerably more often exposed to gas, dust, or fumes at work than 
women (36% vs 15%, p < 0.001). Educational level was overall higher 
among women than men, with 52% of women having attended tertiary 
education compared to 40% of men (p < 0.001). Although women more 
commonly had a family history of asthma and/or allergy than men did 
(41% vs 32%), specific sensitization demonstrated with positive Pha-
diatop test was more common among men (36%) than among women 
(24%) (p < 0.001) (Table 1). The prevalence among the participants of 

Fig. 1. Flowchart of the study population. The study was based on a questionnaire survey from which a random sample was selected.  
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current asthma, rhinitis, and eczema was 13%, 53%, and 14%, 
respectively. 

3.2. Asthma with and without rhinitis and eczema 

About 2% of the study population and 6% among the sensitized 
subjects had coexistence of the three conditions: asthma, rhinitis, and 
eczema (Fig. 2). Only 2% of subjects in the study population, and 0.3% 
of sensitized subjects, had asthma only without rhinitis and eczema. The 
most common co-morbid phenotype was coexistence of asthma and 
rhinitis without eczema, 9% in the study population, but 19% among the 
sensitized subjects (Fig. 2). Among subjects with asthma, 83% also had 
rhinitis, while 22% had eczema. Among sensitized asthmatics, the cor-
responding numbers were 95% and 27%. The relative proportion of 
asthma in relation to the two other conditions was: asthma with no 
rhinitis or eczema 13%; asthma with rhinitis but no eczema 65%; asthma 
with eczema but no rhinitis 3%; asthma with rhinitis and eczema 19%. 

Overall, there was no significant difference between men and women 
(Fig. 2), however, in sensitized participants there was a tendency that 
women had higher coexistence of asthma, rhinitis and eczema than men 
(Fig. 2). When stratified by age, overall and by gender, the different 
patterns of coexistence among the three conditions did not differ by age, 
overall and between men and women, both in the entire study sample 
(Supplementary Table 1) and among sensitized subjects (Supplementary 
Table 2). 

3.3. Allergic sensitization in asthma with and without rhinitis and eczema 

Twenty eight percent of the study sample was sensitized to at least 
one aeroallergen. The most common sensitizing group of allergens was 
pollens (22%), followed by furry animals (12%), and mites (11%) 
(Table 2). Only three subjects (0.3%) were sensitized to Cladosporium 

herbarum, and all three had coexistence of asthma, rhinitis and eczema 
(Table 2). Those having only asthma, but not rhinitis or eczema, had the 
least frequency of sensitization to any aeroallergen (5%), while those 
with the three conditions had the highest frequency of sensitization 
(78%), followed by those with asthma and rhinitis but not eczema 
(65%), and followed by those with asthma and eczema but not rhinitis 
(40%), although it should be noted that the number of subjects in the 
group was only five. Whilst those with coexistence of the three condi-
tions had the highest frequency of sensitization to pollens and mites, 
those with coexistence of asthma and rhinitis but not eczema had the 
highest frequency of sensitization to furry animals. 

3.4. Associations between background characteristics and outcomes 

Although small numbers inhibited estimation of adjusted results, 
based on unadjusted results, there were indications of associations be-
tween each of the background characteristics and the outcomes, 
although these were mostly statistically non-significant. The instances 
with statistical significant findings were: increased risk between family 
history of asthma/allergy and coexistence of all three conditions and 
also between coexistence of asthma and rhinitis without eczema; 
increased risk between BMI≥30 kg/m2 and coexistence of the three 
conditions and also between coexistence of asthma and rhinitis without 
eczema; and increased risk between occupational exposure to GDF and 
coexistence of all three conditions (Table 3). 

4. Discussion 

This population-based study among adults based on clinical exami-
nations including measurement of serum IgE found the prevalence of the 
coexistence or triad of current asthma, rhinitis and eczema to be 2%, 
while the prevalence among sensitized subjects was 6%. The most 
common phenotype was the coexistence of asthma and rhinitis without 
eczema, while the coexistence of asthma and eczema without concom-
itant rhinitis was the least common phenotype. Those having only 
asthma without concomitant rhinitis and eczema were least likely to be 
sensitized to aeroallergens, while those with the three conditions were 
most likely to be sensitized to aeroallergens. 

The prevalence of asthma and eczema increases from early childhood 
to adolescence-age, after which the prevalence of eczema declines and 
then plateaus after reaching adulthood [29]. For asthma, the prevalence 
increases until young adulthood, and then decreases subsequently with 
increasing age during adulthood, but also contradicting data have been 
reported [30,31]. Rhinitis, on the other hand, starts to become common 
during preschool-age followed by a continuous increase during teenage 
and young adulthood [32]. During young adulthood and up to 
middle-age, rhinitis acts as a risk factor for developing asthma [6,33, 
34]. Whilst most studies among adults have primarily reported the as-
sociation between asthma and rhinitis and vice versa, studies evaluating 
the distribution of the coexistence of asthma, rhinitis, and eczema are 
lacking. Hence, we found no previous studies in adults to compare our 
findings with. 

However, such studies are much more common in children. In a large 
study based on 12 birth cohorts from eight countries, the prevalence of 
coexistence of asthma, rhinitis and eczema was less than 1% and stable 
from age 4 to age 8 years, while it was almost 2% among sensitized 
children [21]. In the Swedish BAMSE study, the prevalence of coexis-
tence of asthma and rhinitis and/or atopic eczema increased by age, and 
at age 12 years the prevalence was 7.5%; furthermore, among those with 
asthma, 67% also had rhinitis [19], which remained similar (64%) by 
age 16 [35]. 

A prospective Danish cohort study carried out in the city of Odense 
found that about 9% of participants had coexistence of asthma, rhinitis, 
and eczema at least once during the 15 years of follow-up that started at 
age 14 years [16]. Whilst the current prevalence of coexistence of 
asthma, rhinitis, and eczema at age 29 years was not reported in that 

Table 1 
Background characteristics of the study population.   

Background characteristic 
Men 
N = 520 
n (%) 

Women 
N = 583 
n (%) 

All 
N = 1103 
n (%) 

P-value 

Age, years 
≤35 
36-55 
≥56  

122 (23.5) 
178 (34.2) 
220 (42.3)  

162 (27.8) 
247 (42.4) 
174 (29.8)  

284 (25.7) 
425 (38.5) 
394 (35.7) 

<0.001 

Smoking 
Non-smokers 
Ex-smokers 
Current smokers  

302 (58.1) 
147 (28.3) 
69 (13.3)  

322 (55.2) 
146 (25.0) 
112 (19.2)  

624 (56.6) 
293 (26.6) 
181 (16.4) 

0.058 

Body mass index (BMI), kg/m2 

<25 
25–29.9 
≥30  

152 (29.2) 
284 (54.6) 
84 (16.1)  

260 (44.6) 
223 (38.2) 
100 (17.1)  

412 (37.3) 
507 (46.0) 
184 (16.7) 

<0.001 

Exposure to dust/fumes at work 
No 
Yes  

329 (63.3) 
188 (36.1)  

491 (84.2) 
87 (14.9)  

820 (74.4) 
275 (24.9) 

<0.001 

Raised on a farm 
No 
Yes  

447 (86.0) 
70 (13.5)  

505 (86.6) 
73 (12.5)  

952 (86.3) 
143 (13.0) 

0.779 

Degree of urbanization 
>10 000 inhabitants 
≤10 000 inhabitants  

390 (75.0) 
130 (25.0)  

461 (79.1) 
122 (20.9)  

851 (77.2) 
252 (22.8) 

0.108 

Highest education attained 
Less than high school 
High school 
Tertiary education  

105 (20.2) 
206 (39.6) 
207 (39.8)  

106 (18.2) 
173 (29.7) 
303 (52.0)  

211 (19.1) 
379 (34.4) 
510 (46.2) 

<0.001 

Family history of asthma or allergy 
Yes  169 (32.5)  239 (41.0)  408 (37.0) 

0.004 

Positive Phadiatop 
Yes  187 (36.0)  143 (24.5)  330 (29.9) 

<0.001 

P-values from chi-square tests comparing characteristics between men and 
women. For smoking status, exposure to dust/fumes at work, raised on a farm 
and highest education attained information was not available for all 
participants. 
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study, 73% of those with asthma were sensitized to at least one aero-
allergen, which compares closely to the 78% in young adults aged <35 
years found in our study. In our study, as many as 83% of those with 
asthma had rhinitis, and this number was even higher (95%) among 
sensitized individuals. Our results show that asthma without rhinitis is 
not common (16%) among adults, and this is particularly true for those 
with asthma who are sensitized to aeroallergens (4%). Similarly, in the 
Danish study, only about 20% of those with asthma did not have rhinitis 
[16]. In a previous large survey among adults performed in the USA, 
while 10% reported that they had eczema, only 3% reported coexistence 
of eczema with asthma and/or rhinitis [14]. 

In our study, among those with coexistence of asthma, rhinitis, and 
eczema, 70% were sensitized to any pollen, with sensitization to birch 
being the dominating pollen allergen (63%), followed by timothy grass 
(48%), while 33% were sensitized to any mite, and 30% to any furry 
animal. We have found no study that has evaluated the sensitization 
profiles of adults with coexistence of asthma, rhinitis and eczema, 
therefore comparison of our findings to previous studies on the topic is 
not possible. However, the sensitization profiles of those with symptoms 
of asthma or rhinitis in the referred Danish study [16] found that 
sensitization to birch, grass and mites were most common. In an 
Australian birth cohort study, sensitization to mites was most common, 
and those with asthma had become sensitized to at least one allergen by 
the age of 24 years, a majority of whom had developed comorbidity with 
rhinitis [32]. In the BAMSE cohort at age 16 as well as the EGEA study 
among adults, the proportion of sensitized individuals increased with 
the number of allergic diseases [35], a similar phenomenon that can be 
inferred from our results. 

Many studies have investigated the associations between allergic 
diseases and allergic sensitizers, including examination of the age and 
sex differences in these associations. Similar to results on adults from 
Northern Sweden [36], we have in the current study shown that asthma 
and rhinitis are both strongly associated with allergic sensitization [21], 
but we have found no clear association between eczema and allergic 
sensitization [15,21]. These previous observations are in line with re-
sults of the current analyses, which showed that the association between 
sensitization to aeroallergens and eczema in adults is unclear [17,37]. In 
the current study, while 22% of subjects with asthma also had eczema in 
the whole study population, it was 27% among sensitized individuals. 

Less studies have included analyses of exposures and other inde-
pendent variables that may be associated with disease coexistence. Some 
studies have shown that female sex is associated with coexistence of 
asthma and rhinitis or eczema [14,16]. Whilst gender and age were not 
significantly associated with disease coexistence in our study, occupa-
tional exposure to gas, dust and fumes was associated with increased risk 
of coexistence of the three conditions, as was high BMI, and particularly 
family history of asthma and allergy. In the referred US study, increasing 
age was associated with risk of coexistence of asthma and eczema [14]. 

A particularly interesting finding from our study relates to the as-
sociation between obesity and concomitant coexistence of asthma and 
rhinitis both with and without eczema. Whereas the association between 
obesity and asthma is clearly established both in children [38,39] and in 
adults [22,34], the association between obesity and rhinitis, as well as 
eczema, is less clear. Generally, the different studies in atopic diseases 
have shown somewhat contradicting results on the role of obesity in 
these diseases [40]. Our findings now extend current understanding 

Fig. 2. Prevalence of outcomes by gender among participants and among those with positive Phadiatop.  

Table 2 
Frequency of sensitization to aeroallergens by study outcomes.   

Aeroallergen 
Frequency 
n = 1103 
n (%) 

Asthma+, rhinitis-, 
eczema- (n = 19) 
n (%) 

Asthma+, rhinitis+, 
eczema- (n = 94) 
n (%) 

Asthma+, rhinitis-, 
eczema+ (n = 5) 
n (%) 

Asthma+, rhinitis+, 
eczema+ (n = 27) 
n (%) 

P-value for 
difference 
across outcomes 

Birch 165 (15.0) 1 (5.3) 40 (42.5) 1 (20.0) 17 (63.0) 0.001 
Timothy grass 185 (16.8) 0 (0.0) 39 (41.5) 0 (0.0) 13 (48.1) 0.001 
Mugwort 62 (5.6) 0 (0.0) 19 (20.2) 0 (0.0) 5 (18.5) 0.125 
Any pollen 244 (22.1) 1 (5.3) 53 (56.4) 1 (20.0) 19 (70.4) <0.001 
Cat dander 113 (10.2) 0 (0.0) 42 (44.7) 0 (0.0) 7 (25.9) <0.001 
Dog dander 90 (8.2) 0 (0.0) 38 (40.4) 0 (0.0) 7 (25.9) 0.002 
Horse dander 48 (4.3) 0 (0.0) 21 (22.3) 0 (0.0) 6 (22.2) 0.087 
Any furry animal 134 (12.1) 0 (0.0) 44 (46.8) 0 (0.0) 8 (29.6) <0.001 
Dermatophagoides pteronyssinus 114 (10.3) 0 (0.0) 24 (25.5) 1 (20.0) 9 (33.3) 0.056 
Dermatophagoides farina 113 (10.2) 1 (5.3) 23 (24.5) 1 (20.0) 8 (29.6) 0.240 
Any mite 121 (11.0) 1 (5.3) 24 (25.5) 1 (20.0) 9 (33.3) 0.165 
Cladosporium herbarum 3 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 3 (11.1) 0.004 
Any aeroallergen 314 (28.5) 1 (5.3) 61 (64.9) 2 (40.0) 21 (77.8) <0.001  
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demonstrating that obesity is associated not only with asthma, but is a 
strong risk factor for the coexistence of asthma, rhinitis, and eczema. We 
found no previous studies that have demonstrated similar findings that 
we can compare our results to. 

One of the strengths of our study is that it provides novel, perhaps the 
most contemporary data in adults, on the prevalence of different phe-
notypes of coexistence of asthma, rhinitis, and eczema, but in a general 
population contexts and among subjects who are sensitized to common 
aeroallergens measured by specific IgE. Furthermore, the study reflects 
well the general population in the studied area, that is, the adult pop-
ulation of western Sweden, which was verified by a detailed study of 
non-response [28]. However, those who participated at this clinical part 
of the study had in the preceding questionnaire survey reported a 
marginally higher prevalence of asthma and symptoms common to 
asthma, which might have slightly influenced the representativeness of 
the results [41]. The diagnosis of asthma has a high specificity, 
misclassification is thus low, while some under-diagnosis of asthma 
cannot be ruled out. Due to small numbers in some phenotypes of the 
disease coexistence, we were unable to undertake meaningful analysis of 
associations between the background factors and coexistence of the 
diseases. However, in the cases where we have sufficient power for 
analyses, we observed novel findings, particularly with regards to the 
associations of occupational exposure to dust, gas and fumes, and to the 
association of obesity with disease coexistence phenotypes, which also 
showed some differentials in the associations. 

We conclude that about 2% of adults have concomitant coexistence 
of asthma, rhinitis, and eczema in a general population-representative 
sample in western Sweden, and the proportion of allergic sensitization 
is high among them. In individuals sensitized to common aeroallergens, 

the coexistence of the three conditions amounted to a prevalence of 
about 6%. As progress is being made with the development of new 
treatment opportunities for chronic obstructive airway diseases and al-
lergies, in particular the development of monoclonal antibody targeting 
the IL4/IL13 pathway, which is indicated for treatment of both severe 
asthma and atopic eczema, the current epidemiological data on the 
coexistence of these disease conditions is readily valuable. Although our 
study design does not allow drawing conclusions about the severity of 
the evaluated diseases, it provides epidemiological data in a general 
population, which may lead to better understanding about the coexis-
tence of these conditions. Therefore, further studies are needed across 
different contexts in order to confirm the current observations and to 
contribute to better understanding of the phenotypic coexistence of 
asthma, rhinitis, and eczema in adults. 
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Table 3 
Relation of demographics and environmental exposures to study outcomes: odds ratio (OR); 95% confidence interval (95% CI)a. Significant associations are marked in 
bold.   

No asthma, rhinitis, or 
eczema 
n = 958 
OR (95% CI)b 

Asthma+, rhinitis-, 
eczema- 
n = 19 
OR (95% CI)b 

Asthma+, rhinitis+, 
eczema- 
n = 94 
OR (95% CI)b 

Asthma+, rhinitis-, 
eczema +
n = 5 
OR (95% CI)b 

Asthma+, rhinitis+, 
eczema +
n = 27 
OR (95% CI)b 

Gender 
Men 
Women  

Reference  1 
1.26 (0.50–3.16)  

1 
1.09 (0.71–1.66)  

1 
1.37 (0.23–8.26)  

1 
1.83 (0.81–4.12) 

Age, years 
≤35 
36-55 
≥56  

Reference  1 
1.18 (0.34–4.07) 
1.39 (0.41–4.65)  

1 
1.04 (0.62–1.74) 
0.75 (0.43–1.30)  

Too small numbers  1 
0.81 (0.34–1.90) 
0.35 (0.12–1.03) 

Smoking status 
Non-smoker 
Ex-smoker 

Current smoker  

Reference  1 
0.56 (0.18–1.71) 
Too small numbers  

1 
0.93 (0.56–1.56) 
1.13 (0.64–2.02)  

Too small numbers  1 
0.98 (0.40–2.44) 
1.16 (0.41–3.24) 

BMI, kg/m2 

<25 
25–29.9 
≥30  

Reference  1 
0.83 (0.33–2.11) 
0.29 (0.03–2.21)  

1 
1.26 (0.76–2.09) 
2.41 (1.36–4.27)  

1 
1.66 (0.15–18.39) 
5.01 (0.45–55.64)  

1 
1.42 (0.55–3.65) 
2.86 (1.02–8.03) 

Occupation exposure to dust/fumes 
No 
Yes  

Reference  1 
0.59 (0.17–2.05)  

1 
1.20 (0.75–1.94)  

1 
4.73 (0.78–28.48)  

1 
3.68 (1.68–8.07) 

Raised on a farm 
No 
Yes  

Reference  1 
0.36 (0.05–2.69)  

1 
0.94 (0.50–1.77)  

1 
1.60 (0.18–14.48)  

1 
0.25 (0.03–1.83) 

Degree urbanization 
>10 000 inhabitants 
≤10 000 inhabitants  

Reference  1 
1.18 (0.42–3.30)  

1 
0.84 (0.49–1.41)  

1 
0.82 (0.09–7.41)  

1 
0.57 (0.20–1.67) 

Highest education attained 
Less than high school 
High school 
Tertiary  

Reference  1 
0.18 (0.04–0.92) 
0.77 (0.28–2.10)  

1 
1.22 (0.64–2.30) 
1.25 (0.68–2.31)  

Too small numbers  1 
0.83 (0.29–2.37) 
0.84 (0.31–2.26) 

Family history of asthma or allergy 
No 
Yes  

Reference  1 
0.88 (0.33–2.34)  

1 
2.37 (1.54–3.63)  

1 
0.48 (0.05–4.29)  

1 
5.46 (2.28–13.05)  

a Based on multinomial logistic regression; those not having any of the disease conditions were used as the reference category in the model. 
b Only unadjusted results are presented given the small number of some of the outcomes, which made the adjusted models not to converge. 
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[8] H. Backman, P. Räisänen, L. Hedman, C. Stridsman, M. Andersson, A. Lindberg, et 
al., Increased prevalence of allergic asthma from 1996 to 2006 and further to 2016 
– results from three population surveys, Clin. Exp. Allergy 47 (2017) 1426–1435. 

[9] E. Borna, B.I. Nwaru, A. Bjerg, R. Mincheva, M. Rådinger, B. Lundbäck, et al., 
Changes in the prevalence of asthma and respiratory symptoms in western Sweden 
between 2008 and 2016, Allergy 74 (2019) 1703–1715. 

[10] R. de Marco, V. Cappa, S. Accordini, M. Rava, L. Antonicelli, O. Bortolami, et al., 
Trends in the prevalence of asthma and allergic rhinitis in Italy between 1991 and 
2010, Eur. Rep. J 39 (2012) 883–892. 

[11] J.L. Kim, J. Brisman, M.A. Aberg, H.B. Forslund, A. Winkvist, K. Torén, Trends in 
the prevalence of asthma, rhinitis, and eczema in 15 year old adolescents over an 8 
year period, Respir. Med. 108 (2014) 701–708. 

[12] L. Grize, M. Gassner, B. Wüthrich, B. Bringolf-Isler, K. Takken-Sahli, F. 
H. Sennhauser, et al., Trends in prevalence of asthma, allergic rhinitis and atopic 
dermatitis in 5-7 year old Swiss children from 1992 to 2001, Allergy 61 (2006) 
556–562. 
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[24] J. Lötvall, L. Ekerljung, E.P. Rönmark, G. Wennergren, A. Lindén, E. Rönmark, et 
al., Asthma in West Sweden Study: prevalence trends over the last 18 years argue 
no recent increase in asthma, Respir. Res. 10 (2009) e94. 
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scale questionnaire survey on respiratory health in Sweden: effects of late- and 
non-response, Respir. Med. 103 (2009) 1807–1815. 

[29] S. Nutten, Atopic dermatitis: global epidemiology and risk factors, Ann. Nutr. 
Metab. 66 (Suppl 1) (2015) 8–16. 

[30] S.P. Nissen, H.F. Kjaer, A. Høst, J. Nielsen, S. Halken, The natural course of 
sensitization and allergic diseases from childhood to adulthood, Pediatr. Allergy 
Immunol. 24 (2013) 549–555. 

[31] H. Kankaanranta, L.E. Tuomisto, P. Ilmarinen, Age-specific incidence of new 
asthma diagnoses in Finland, J. Allergy Clin. Immunol. Pract. 5 (2017) 189–191. 

[32] L. Owens, I.A. Laing, G. Zhang, S. Turner, P.N. Le Souëf, Prevalence of allergic 
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