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Abstract

Aim The aim of this study was to investigate occupational, environmental, early life, and other
risk factors associated with respiratory infections and antibiotics use, in a general population
and among asthmatics.

Method: This study included 15 842 participants of the RHINE study aged 25-54 years from
five Nordic countries, who answered a questionnaire covering respiratory outcomes,
exposures, demographic characteristics and numbers of infections and courses of antibiotics
the last 12 months. Multiple logistic regression with and without adjustment for age, gender,
smoking status, BMI and center were used to study the risk of infection and antibiotics in
relation to asthma, and also the association between infection and antibiotics and occupations.
Results: In the whole population, 11.6 % reported having three or more respiratory infections,
and 14.7% had used antibiotics because of respiratory tract infections within the last year.
Asthmatics reported a tripled odd for such infections (adjusted OR (95% CI) 2.98 (2.53-3.52)
and antibiotics use (adjusted OR 3.67 (3.18-4.24) as compared to non-asthmatics. Both in the
general and the asthmatic population, female gender, obesity and exposure to building
dampness were associated with respiratory infections. Female gender, and current smoking
and living in Tartu were associated with antibiotic use. The use of antibiotics was doubled in
people hospitalized for severe respiratory infection in childhood.

Conclusion: In this study we identified several factors associated with increased respiratory
infections and use of antibiotics in a general population and among asthmatics. The frequency
of respiratory infections and subsequent antibiotic treatment were increased among

asthmatics.



Introduction

Acute respiratory tract infections are a main cause of morbidity and mortality globally [1] and
a leading cause of ambulatory consultation and work sick leave [2, 3]. The majority of
respiratory tract infections are caused by virus [4]. Virus respiratory tract infections or cold is
estimated to occur an average of 2-5 times per year in adults [5]. Respiratory tract infections
may be attributed to more than 200 types of virus or bacteria, with different clinical
manifestation from being asymptomatic to fatal [6]. Many patients with respiratory tract
infections are treated with antibiotics [7] despite that virus and not bacteria, is the most
common cause [8]. This results in an overuse of antibiotics [9] with negative consequences,

including antibiotic resistance and adverse drug events [10].

Individuals with respiratory disease, including asthma, may be particularly vulnerable to
respiratory tract infections [11, 12]. Other confirmed or suspected risk factors for respiratory
tract infections in adults are active and passive smoking [13, 14], low serum vitamin D levels
[15], lack of physical activity [16], children in household at daycare [17], sudden changes of
temperature at work [18], lack of handwashing, psychological stress, shift work [19, 20], and
duration and quality of sleep [21]. A review concluded that occupational exposure to various
physical, chemical and other hazards might trigger exacerbations in asthmatics [22-24].
Obesity and type 2 diabetes are also associated with higher susceptibility for respiratory tract
infections [25, 26]. People living in the Nordic countries have more respiratory tract
infections, possible due to exposure to low temperature [27] and low vitamin D levels during
the winter [28].

The aim of this study was to investigate how occupational, environmental, early life and other
risk factors were associated with respiratory tract infections and subsequent antibiotics use, in
a general population and among asthmatics.

Material and methods

Study design and population

This study is based on subjects that participated in the second survey of the Respiratory
Health in Northern Europe study (RHINE) Il, www.rhine.nu. The participants from five
Northern European countries: Norway (Bergen), Sweden (Umea, Uppsala, Gothenburg),

Iceland (Reykjavik), Denmark (Aarhus) and Estonia (Tartu) answered a questionnaire in



1999-2001. The data collection procedure has been described elsewhere [29, 30]. A total of
15 842 subjects (born between 1945-1973) answered a postal questionnaire [31]. RHINE 1l is
a followed-up study of participants from the European Community Respiratory Health Survey
(ECRHS) that took place between 1990-1994. [32].

Questionnaire

Sociodemographic data included age and gender. Smoking history included was based on the
question ‘Do you smoke? Yes (current smoker)/No; If No Are you an ex-smoker? Yes (ex-
smoker)/No (never smoker)’’.Socioeconomic index was calculated based on the participant’s
current or most recent occupation (1-managers and professionals, non-manual as legislators,
senior officials, managers and professional); 2-other non-manual as technicians and associate
professionals, clerks, service workers and market sales workers; 3-skilled manual as skilled
agricultural and fishery workers and craft and related trades workers; 4-semi-skilled or
unskilled manual as plant and machine operators and assemblers and elementary occupations;
5- unclassifiable or unknown including housewife, student, not classifiable job, unemployed,
not working because of poor health and retired) [33]. The number of children under seven
years old in the household was reported. Body mass index (BMI) was calculated from
reported height and weight and stratified into four groups < 20, 20-25, 26-30, >30 kg/m2. The
participants also answered questions on morbidities such as allergic rhinitis (self-reported
previous nasal congestion without a cold and co-existent allergy), diabetes, hypertension and
heart disease. Childhood history of otitis and hospital admission because of severe respiratory

infection was reported.

Asthma definition

Subjects were considered to have current asthma if they reported that they currently were
using asthma medication and/or had an attack of asthma in the in the past 12 months [34, 35].
Information on asthma symptoms such as wheeze and nocturnal symptoms within the last 12

months was also reported.

Occupational and environmental exposure

The occupation reported by subjects were coded in accordance with the International Standard
Classification of Occupations (ISCO-88) by an experienced occupational hygienist (ADH)
[36]. These codes were connected to an asthma Job Exposure Matrix (JEM) based on
exposure patterns from the Nordic counties [32]. Job Exposure Matrix classifications included



high molecular weight agents (HMW), low molecular weight agents (LMW), and irritating
agents [31]. In addition, we included self-reported exposure to dampness and mould defined
as visible water damage, visible mould or smell of mould in the last 12 months [37].

Main outcome variables

The two infection variables assessed were based on the following question:
a) How many respiratory tract infections have you had in the last 12 months? (the
number were classified as ‘less than three’’ and ‘’three or more than three);
b) Have you had any antibiotics for respiratory tract infection in the last 12 months?
Yes/No
The presented analyses included participants that had answered at least one of the infection
questions (n=15 842)

All participants gave written informed consent. The study was approved by the regional
committees of medical research ethics in Aarhus (reference number 2011/M-20110106),
Bergen (reference number 42.91, 149.2000 and 2010/759), Reykjavik (reference number
VSNDb2011090016/03.15), Tartu (reference number UT REC 60/3-1998, UT REC 209 T-17,
UT REC 225/M-24) and Uppsala (reference number 1990/257, 1998/495 and 2010/068).

Statistics

The categorical variables were presented as prevalence with percentage, and the continuous
variables were presented as mean with standard deviation (SD). Multiple logistic regression
models with and without adjustment for selected confounding factors such as age, gender,
smoking status, BMI and center were used to study the association infection/ antibiotics and
asthma, as well as the association between infection/ antibiotics and the JEM assessed
occupational exposures and self-reported exposure factors. The results of the regression
analysis were presented as odds ratios with 95% confidence intervals (CI). All statistical

analysis was performed with R program version 4.0.2, applying a 5 % level of significance.

Results:
Characteristic of the study population
Of the 15 842 participants included in the study, 53% were women, and the age span was

between 25-54 years. Around half of the population had a BMI between 20-25 kg/m2 and



were never smokers. The prevalence of asthma was 6.6%. Other characteristics are presented
in Table 1.

Infections and antibiotics

In the whole population, 11.6 % reported having three or more respiratory tract infections,
and 14.7% had used antibiotics because of respiratory disorder within the last 12 months.
Both respiratory tract infections and the use of antibiotics was significantly more common in

subjects with asthma (Figure 1, Table 2, Supplemental Table 1).

Factors associated with respiratory infections in the general population and asthmatics.

Multiple logistic regression models with adjustment to age, gender, smoking status, BMI and
center showed that asthmatics had almost a three-fold increased odds ratio for respiratory tract
infections in the past year compared to non-asthmatics, Table 2. The odds for antibiotic

treatment was about 3.5 times higher in asthmatic than in non-asthmatic subjects.

Women with and without asthma reported more respiratory tract infections and antibiotic use
than men (Table 2 and 3). In the general population, the frequency of reported respiratory
tract infections occurred less with increasing age. In contrast, in asthmatic, the odds of
respiratory tract infections and antibiotics increased with age. The odds for respiratory tract
infections and antibiotics increased with decreasing socioeconomic status and low education
in the general population. Overweight (BMI>30 kg/m2) and underweight (BMI<20 kg/m2)
were associated with a higher occurrence of respiratory tract infections and antibiotic
treatment in people with and without asthma. Daily smokers used antibiotics to a higher

extent compared to ex- and never smokers.

Subjects with asthma, allergic rhinitis, heart disease, hypertension and diabetes mellitus had
increased odds of respiratory tract infections and antibiotic use (Table 2). In asthmatics, the
coexistence of heart disease particularly increased the odds of respiratory tract infections.
Also, participants with asthma that reported wheeze and night symptoms had a higher
occurrence of respiratory tract infections and the use of antibiotics. The highest occurrence of
respiratory tract infections and use of antibiotics was reported by subjects from Tartu in both
study populations (Table 2). All study subjects who had been hospitalized due to severe
respiratory infections or had had otitis in childhood had increased odds of respiratory tract

infections and use of antibiotics in adulthood (Figure 3, Supplementary Table 3) and the



differences varied between the centers. In the general population, early life infection increased
the presence of respiratory infection in adulthood in particularly in Gothenburg, Uppsala and
Aarhus (Supplementary table 4, A), whereas the highest use of antibiotics in adults were seen

in subjects that reported early life infection in Aarhus and Bergen (Supplementary table 4, B).

Occupational and environmental exposure in the general population and in asthmatics

In the general population, exposure to dampness and mould was associated with more
frequent respiratory tract infections and the use of antibiotics, whereas no associations were
found for occupational exposure to LMW, HMW or irritants (Figure 2, Supplementary Table
2). Asthmatics exposed to dampness and mould had a higher odds of respiratory tract
infections. There was a borderline significant association between exposure to HMW
(adjusted OR (95% CI1)1.58 (0.98-2.54)) and respiratory tract infections and exposure to
dampness and use of antibiotics (adjusted OR (95% CI) 1.37 (0.97-1.93) in the asthmatic
population (Figure 2, Supplementary Table 2).

Discussion

The main findings of this study are that asthmatics reported three times higher odds for
respiratory tract infections and more than three times higher odds for subsequent antibiotics
than subjects without asthma. Female gender, obesity and exposure to building dampness
were independently associated with respiratory tract infections, and female gender, current
smoking and living in Tartu increased the probability of antibiotic use both in the general and

in the asthmatic population.

There are several reasons why participants with asthma report more respiratory infections and
higher use of antibiotics than those without asthma. Several studies have shown that asthma is
associated with a dysregulation of the immune response and impaired production of antiviral
interferons [38]. Participants with asthma are also more likely to have severe respiratory
symptoms during an infection which may increase the likeliness of getting antibiotics
prescribed. It is also possible that persons with asthma are more aware of infections which

could lead to over-reporting.

In the present study, 33% of participants with asthma had used antibiotics because of
respiratory infection within the last year. The increased prevalence of use of antibiotics for

respiratory infection in asthma in our study is in accordance with a previous study based on an



antibiotic register that reported a more frequent prescription of antibiotics in asthmatics in
comparison to non-asthmatic patients from France and Italy [12]. The high use of antibiotics
in asthmatics in our study is also in accordance which data from a trial in the UK where 45%

of asthma patients received antibiotics for exacerbations in primary care [39].

We also showed that the probability of frequent respiratory tract infections and the use of
antibiotics varied in different research centers. Reported respiratory tract infections and
antibiotic use were the highest in Tartu, Estonia and the lowest in Umea, Sweden. This is in
accordance with our previous study using IgG measurement, where we found that there were
geographical differences with a higher infectious burden in Estonia than in Sweden and
Iceland [40]. Another study on infections in children reported that the use of antibiotics was
two times higher in Estonian children comparing to Swedish children [41]. The higher
prevalence of infections in children might be explained by the hygiene hypothesis, which
suggested that a low exposure to microbes in early life disables the maturation of the
immunological system [42]. The geographical difference in reported infections and antibiotics
could also be explained by the combination of different factors as genetical susceptibility,

geographic variations in resistance level and difference in adherence to guidelines [42, 43].

In this study, women report respiratory tract infections and antibiotics use more often than
men. Our results are in line with a previous study where significantly more females than
males (both asthmatics and non-asthmatics) were prescribed antibiotics in both France and
Italy [12]. On the contrary, females were significantly less likely, in comparison to males, to
be prescribed antibiotics in both asthma and non-asthma subjects in the UK [11].

In this study, individuals with lower socioeconomic status tend to report more infections and
use of antibiotics. It was previously showed that socio-demographic factors including
educational level, income and occupation influence the prevalence of infectious disease [44].
We found that current smokers used more antibiotics because of respiratory tract infections.
This is in accordance with previous studies reporting that active smoking and passive
smoking had an increased incidence of upper respiratory tract infections [45, 46]. It was also
showed that non-smokers and ex-smokers were more vulnerable to tobacco smoke than active
smokers that were more adapted [13]. In a previous analysis of part of this population, we also

found that smoking increased the likeliness of having been hospitalized for pneumonia [47].



We also showed that participants with allergic rhinitis increased the odds of respiratory tract
infections and antibiotic use. There are several potential causal relationships between atopic
conditions and microbial infections: protective (hygiene hypothesis), provocative (rhinovirus
or bacterial colonization), microbiome hypothesis and reverse causality (the risk for infection
in atopic conditions). Previous studies indicate that asthma exacerbation caused by virus

infection may be more severe in patients with coexisting allergies [48, 49].

Obesity (BMI1>30) was associated with higher odds for self-reported respiratory tract
infections and the use of antibiotics in both the general and asthma population. Underweight
was linked to higher odds of respiratory tract infections and antibiotics in asthmatics. We
have, in previous analyses, found that both obesity and underweight increases the risk of
hospitalizations for pneumonia [47]. In the present study, we found that having diabetes (OR
1.45 [95% CI 1.03-2.04]) increased the likeliness of using antibiotics because of associations
with respiratory tract infections. This is in accordance with previous studies [50]. We also
found that cardiovascular conditions were associated with more reported respiratory tract
infections and the use of antibiotics. Previous studies showed that cardiovascular disease was

associated with an increased risk of respiratory tract infections [51, 52].

We found that childhood hospitalization for respiratory infections before age two years and
frequent otitis were associated with higher odds for respiratory tract infections and the use of
antibiotics in adulthood. It is notable that the associations with the use of antibiotics were
more pronounced than the associations with respiratory tract infections; among asthmatics
who had been hospitalized for respiratory infection in childhood, reported use of antibiotics
was doubled while reported respiratory tract infections only insignificantly increased. A
previous analysis on subjects from 14 counties found that adults reporting severe childhood
respiratory infections had increased risk for asthma and wheeze as well as lower lung function
in adulthood. Lower lung function was also shown in adults without asthma and wheeze who

had severe respiratory childhood infection [53].

In our study, living in damp housing significantly increased the odds of respiratory tract
infections and antibiotics compared to non-exposed in both asthma and the general
population. This is in accordance with several previous studies showing that exposure to
damp and mould is associated with a higher prevalence of respiratory symptoms and asthma

[33] and a previous meta-analysis showing that residential dampness and mould were linked



to a significant higher risk of respiratory infections [54]. Environmental and occupational
allergens may act in synergy with viral pathogens, damage airways epithelium and facilitate
viral invasion [23, 24]. In turn, viral infection impairs antibacterial innate immune response

[55] and increase bacterial adherence to bronchial epithelium [56].

In the present study, a borderline significant association was found between occupational
exposure to HMW and respiratory tract infections in the asthmatic population. No significant
association between occupational exposure divided into agents with different molecular
weights and respiratory tract infections or use of antibiotics was found in the previous studies.
Other studies have, however, found that certain kinds of occupational exposures increase the
risk of pneumonia [57].

Strengths and limitations

This study has several strengths and limitations. A key strength was that we used a very large
population of randomly selected subjects from different research centers in five Nordic
countries. Also, the subject answered detailed questionnaires that enable robust analyses with

several important confounders.

One important limitation was that this study had only self-reported information from RHINE
standardized questionnaire and no objective clinical measures. The asthma diagnosis was not
validated against medical records, and we also lacked information on asthma medication. This
might lead to some degree of misclassification in the assessment of asthma. Furthermore, the
cross-sectional analysis did not allow us to make any causal inference. Another weakness is
that we did not have information on severe infections leading to hospitalization. We also
lacked drug prescriptions data and could not study whether asthma medication such as inhaled
corticosteroids modified the risk of infection. However, it is the subjective symptoms that
affect the individual’s life and work status, and therefore the subjective outcome is more

relevant for public health [58].



Conclusion

In this study, we identified several factors that may be considered to increase the risk of
respiratory tract infections and the use of antibiotics in the general and asthma population.
Asthmatic were at particular risk of respiratory tract infections and the use of antibiotics
because of respiratory tract infections. Moreover, living in damp housing significantly increased
the risk of respiratory tract infections and antibiotics compared to non-exposed in both asthma and
the general population. From a public health perspective, it might be important to consider
strategies to reduce the respiratory infections rate among asthmatics and to pay specific
attention to the overuse of antibiotics among asthma patients.
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Table 1: The characteristic of the study population divided into the study centers.

Aarhus Reykjavik Bergen Gothenburg | Umea Uppsala Tartu All
Total 2602 1817 2396 2163 2616 2547 1701 15 842

Female 1357 (52.2) 980 (53.9) 1243 (51.9) 1177 (54.4) 1347 (51.5) 1337 (52.5) 965 (56.2) 8397 (53.0)
Age <35 815 (31.3) 406 (22.3) 560 (23.4) 588 (27.2) 693 (26.5) 679 (26.7) 827 (48.6) 4568 (28.8)
35-44 1085 (41.7) 765 (42.1) 1063 (44.4) 855 (39.5) 990 (37.8) 972 (38.2) 626 (36.8) 6356 (40.1)
>=45 702 (27.0) 646 (35.6) 773 (32.3) 720 (33.3) 933 (35.7) 896 (35.7) 248 (14.6) 4918 (31.0)
Socioeconomic 1 394 (19.3) 287 (16.5) 619 (25.8) 100 (7.7) 331 (13.4) 506 (19.9) 399 (26.6) 2636 (18.8)
index 2 771 (37.8) 714 (41.1) 907 (37.9) 483 (37.0) 1035 (41.9) 1113 (43.8) 546 (36.4) 5569 (39.8)
3 170 (8.3) 320 (18.4) 297 (12.4) 125 (9.6) 373 (15.1) 314 (12.4) 283 (18.9) 1882 (13.4)
4 264 (12.9) 337 (19.4) 344 (14.4) 352 (26.9) 727 (29.4) 403 (15.9) 268 (17.9) 2695 (19.3)

5 443 (21.7) 78 (4.5) 229 (9.6) 247 (18.9) 7 (0.3 205 (8.1) 3 (0.2 1212 (8.7)

BMI <20 268 (10.6) 100 (5.7) 184 (7.8) 125 (5.8) 127 (4.9) 165 (6.5) 226 (13.4) 1195 (7.7)
20-25 1359 (54.0) 829 (46.9) 1192 (50.8) 1074 (50.1) 1272 (49.5) 1379 (54.7) 846 (50.3) 7951 (51.1)
25-30 688 (27.3) 637 (36.0) 783 (33.4) 739 (34.5) 946 (36.8) 807 (32.0) 459 (27.3) 5059 (32.5)

>30 202 (8.0) 202 (11.4) 188 (8.0) 207 (9.7) 226 (8.8) 170 (6.7) 151 (9.0) 1346 (8.7)
Smoker never 1045 (41.5) 663 (37.6) 891 (37.5) 941 (44.9) 1396 (54.6) 1356 (54.6) 809 (47.6) 7101 (45.8)
ex 600 (23.8) 563 (31.9) 579 (24.3) 541 (25.8) 668 (26.1) 651 (26.1) 291 (17.1) 3893 (25.1)
current 872 (34.6) 537 (30.5) 909 (38.2) 612 (29.2) 493 (19.3) 489 (19.3) 600 (35.3) 4512 (29.1)

Asthma 164 (6.5) 106 (5.9) 148 (6.2) 157 (7.3) 238 (9.1) 191 (7.5) 34 (2.0) 1038 (6.6)
Allergic rhinitis 559 (22.2) 370 (21.1) 557 (23.8) 550 (25.7) 598 (23.1) 626 (24.9) 347 (20.4) 3607 (23.2)
Hypertension 147 (5.9) 154 (8.7) 135 (5.7) 123 (5.8) 220 (8.5) 135 (5.4) 207 (12.4) 1121 (7.2)
Heart disease 19 (0.8) 38 (2.1) 32 (1.3) 21 (1.0) 39 (1.5 19 (0.8) 206 (12.4) 374 (2.4)
Diabetes 6 (1.7) 16 (0.9 41 (1.7) 41 (1.9 53 (2.0 42 (1.7) 25 (1.5) 224 (1.7)
Childhood hospitalisation 76 (2.9) 39 (2.2) 118 (5.0) 69 (3.2 81 (3.1) 93 (3.7) 164 (9.8) 640 (4.1)
Childhood frequent otitis 396 (15.5) 216 (12.5) 535 (23.4) 497 (23.5) 582 (22.7) 571 (22.8) 370 (22.0) 3167 (20.5)
Number of siblings 1|238(12.2) 120 (8.4) 210 (12.0) 100 (6.7) 470 (26.9) 201 (11.3) 250 (22.6) 1589 (14.1)
2129 (1.5) 17 (1.2) 130 (7.4) 15 (1.0 30 (1.7) 26 (1.5) 6 (0.5 253 (2.2)
3| 273 (14.0) 55 (3.8) 69 (3.9) 201 (13.5) 530 (30.3) 387 (21.7) 151 (13.7) 1666 (14.8)




4| 454 (23.3) 397 (27.6) 461 (26.4) 240 (16.1) 486 (27.8) 491 (27.5) 174 (15.8) 2703 (24.0)
5 | 589 (30.2) 587 (40.9) 546 (31.3) 666 (44.7) 144 (8.2) 398 (22.3) 378 (34.2) 3308 (29.4)
6 | 366 (18.8) 260 (18.1) 331 (18.9) 269 (18.0) 88 (5.0) 280 (15.7) 145 (13.1) 1739 (15.4)




Table 2: Multiple logistic regression models for respiratory infections (at least 3 or more) and
the antibiotic (any antibiotic) use for respiratory infections in the whole population in the past
12 months. Adjusted to age, gender, smoking status, BMI and center.

Respiratory infections Antibiotics
Odds Ratio with 95% ClI
Not adjusted Adjusted Not adjusted Adjusted

Female

1.42 (1.28 — 1.57)

1.44 (1.29 - 1.61)

1.68 (1.53 — 1.83)

1.70 (1.55 - 1.88)

<35
35-44
>=45

Age

1
0.94 (0.83-1.06)
0.82 (0.71-0.93)

1
0.99 (0.87-1.12)
0.88 (0.77-1.02)

1
1.00 (0.90 — 1.11)
0.85 (0.76 — 0.95)

1
1.07 (0.95 - 1.19)
0.93 (0.82 — 1.05)

Socie econimic index

b wN B

1
0.84 (0.73-0.97)
0.58 (0.47-0.71)
0.67 (0.56-0.79)
0.70 (0.56-0.87)

1
0.83 (0.72-0.96)
0.60 (0.48-0.74)
0.70 (0.58-0.84)
0.78 (0.62-0.99)

1
0.96 (0.85 — 1.09)
0.65 (0.54 — 0.77)
0.74 (0.64 — 0.86)
0.77 (0.64 — 0.94)

1
0.94 (0.82 — 1.07)
0.71 (0.59 — 0.85)
0.82 (0.69 — 0.96)
0.85 (0.69 — 1.05)

BMI <20
20-25
25-30

>30

1.26 (1.05 - 1.52)
1

0.97 (0.86 — 1.09)
1.23 (1.02 - 1.47)

1.08 (0.90 - 1.31)
1

1.06 (0.94 — 1.20)
1.27 (1.05 - 1.52)

1.50 (1.28 — 1.75)
1

1.02 (0.92 - 1.13)
1.49 (1.28 - 1.73)

1.25 (1.06 — 1.47)
1

1.17 (1.06 — 1.31)
1.58 (1.36 — 1.85)

Smoker: never
ex

curent

1
0.79 (0.69-0.89)
0.80 (0.71-0.91)

1
0.80 (0.70-0.92)
0.80 (0.70-0.90)

1
0.95 (0.84 — 1.06)
1.22 (1.10 — 1.35)

1
0.95 (0.84 — 1.07)
1.18 (1.06 — 1.31)

Allergic rhinitis
Asthma
Hypertension
Heart disease
Diabetes

1.82 (1.63-2.04)
2.83 (2.42-3.32)
1.31 (1.09-1.58)
1.53 (1.14-2.05)
1.26 (0.85-1.88)

1.79 (1.60-2.01)
2.98 (2.53-3.52)
1.28 (1.05-1.55)
1.19 (0.87-1.62)
1.37 (0.91-2.05)

1.67 (151 - 1.84)
3.28 (2.86 — 3.77)
1.25 (1.07 - 1.47)
2.23 (1.77 - 2.81)
1.44 (1.04 — 2.00)

1.68 (1.52 — 1.86)
3.67 (3.18 — 4.24)
1.15 (0.97 - 1.36)
1.67 (1.30 - 2.14)
1.45 (1.03 — 2.04)

Children at home 1

OO0k, WwWwN

1

1.03 (0.67-1.58)
0.97 (0.77-1.23)
1.06 (0.87-1.31)
1.05 (0.86-1.29)
1.29 (1.04-1.60)

1

1.23 (0.79-1.93)
1.01(0.80-1.29)
1.11 (0.90-1.38)
1.04 (0.84-1.29)
1.31 (1.04-1.65)

1

0.93 (0.63 — 1.38)
0.90 (0.74 — 1.11)
1.04 (0.87 — 1.24)
1.13 (0.95 - 1.34)
1.16 (0.96 — 1.40)

1

0.96 (0.63 — 1.45)
0.97 (0.79 — 1.20)
1.09 (0.90 - 1.31)
1.05 (0.87 — 1.26)
1.14 (0.93 — 1.40)

Aarhus
Reykjavik
Bergen
Gothenburg
Umed
Uppsala
Tartu

Center:

1
1.33 (1.09-1.62)
0.92 (0.76-1.12)
1.01 (0.83-1.23)
0.85 (0.70-1.03)
1.24 (1.04-1.48)
1.79 (1.49-2.14)

1
1.36 (1.10-1.67)
0.95 (0.78-1.15)
1.05 (0.85-1.28)
0.83 (0.68-1.01)
1.24 (1.03-1.48)
1.74 (1.44-2.09)

1
1.42 (1.19 - 1.69)
1.49 (1.26 — 1.75)
1.39 (1.18 - 1.65)
0.81 (0.68 — 0.97)
1.42 (1.20 — 1.66)
2.59 (2.20 — 3.05)

1
1.44 (1.20 - 1.73)
1.51 (1.28 - 1.79)
1.39 (1.17 - 1.66)
0.86 (0.71 - 1.03)
1.49 (1.26 — 1.76)
2.54 (2.14 - 3.01)




Table 3: Multiple logistic regression models for respiratory infections (at least three times)

and the antibiotic use (at least once) in the subjects with asthma. Adjusted to age, gender,

smoking status, BMI and center. **Asthma symptoms including night symptoms and wheeze

Respiratory infections Antibiotics
Odds Ratio with 95% CI
Not adjusted Adjusted Not adjusted Adjusted
Female 1.58 (1.15-2.17) 1.56 (1.10 - 2.19) 1.69 (1.29 - 2.21) 1.63 (1.22 - 2.19)
Age <35 |1 1 1 1
35-44 | 1.27 (0.87 — 1.86) 1.25 (0.84 - 1.88) 1.23 (0.89 - 1.71) 1.30 (0.92 - 1.84)
>=45 | 1.51 (1.02 - 2.24) 1.61 (1.05-2.46) 1.36 (0.97 - 1.92) 1.43 (0.98 — 2.07)

Socie economic index 1

1

0.65 (0.42 — 1.01)
0.71(0.39 — 1.28)
0.57 (0.34 — 0.95)
0.70 (0.38 — 1.29)

1

0.59 (0.36 — 0.95)
0.81 (0.43 — 1.55)
0.53 (0.30 — 0.94)
0.63 (0.33 - 1.22)

1

0.83 (0.55 — 1.24)
0.85 (0.50 — 1.46)
0.73 (0.47 — 1.16)
0.77 (0.45 — 1.34)

1

0.75 (0.48 — 1.16)
0.95 (0.53 — 1.72)
0.72 (0.44 — 1.19)
0.69 (0.38 — 1.26)

1.79 (1.00 - 3.21)
1

1.16 (0.82 — 1.65)
1.94 (1.26 — 2.99)

1.61(0.87 — 2.99)
1

1.17 (0.80 — 1.70)
1.81 (1.16 — 2.83)

2.50 (1.48 — 4.21)
1

1.18 (0.87 — 1.59)
2.25 (1.52 — 3.33)

2.11 (1.22 — 3.65)
1

1.28 (0.93 - 1.76)
2.20 (1.46 — 3.31)

1
0.96 (0.66 — 1.40)

1.13 (0.79 - 1.62)

1
0.80 (0.54 — 1.20)

0.92 (0.63 — 1.36)

1
1.08 (0.78 — 1.50)

1.63 (1.20 - 2.21)

1
0.88 (0.62 — 1.25)

1.22 (0.87 — 1.70)

1.17 (0.80 — 1.71)
1.72 (1.27 - 2.33)

1.20 (0.80 — 1.81)
1.81 (1.31 - 2.50)

1.70 (1.21 - 2.39)
1.77 (1.37 - 2.30)

1.78 (1.23 - 2.57)
1.76 (1.33 - 2.33)

1.01 (0.74—1.38)
1.43 (0.89 - 2.30)
2.01 (0.81 — 4.98)
1.19 (0.45 - 3.10)

1.05 (0.76 — 1.47)
1.11 (0.65 - 1.88)
1.27 (0.48 — 3.37)
1.16 (0.43 - 3.15)

0.83 (0.64 — 1.09)
1.64 (1.07 - 2.52)
1.40 (0.59 — 3.30)
1.23 (0.53 - 2.88)

0.87 (0.65 — 1.15)
1.34 (0.84 — 2.15)
0.91 (0.36 — 2.30)
1.17 (0.48 — 2.90)

2
3
4
5
BMI <20
20-25
25-30
>30
Smoker never
ex
current
Wheeze
Night symptoms
Both symptoms**
Allergic rhinitis
Hypertension
Heart disease
Diabetes
Center Aarhus
Reykjavik
Bergen
Gothenburg
Umea
Uppsala
Tartu

1
2.24 (1.24-4.04)
0.90 (0.52-1.58)
1.39 (0.81-2.40)
0.88 (0.53-1.48)
1.05 (0.63-1.76)
2.57 (1.18-5.57)

1
2.26 (1.22-4.18)
0.86 (0.48-1.54)
1.33 (0.76-2.33)
0.85 (0.50-1.47)
0.97 (0.56-1.67)
2.99 (1.34-6.68)

1

1.43 (1.41 - 3.94)
1.49 (1.03 - 2.67)
1.39 (1.08 - 2.76)
0.81 (0.50 — 1.25)
1.42 (0.75 - 1.87)
2.59 (1.76 — 8.11)

1
1.44 (1.32 — 3.86)
1.51 (0.98 — 2.65)
1.39 (1.06 — 2.81)
0.86 (0.54 — 1.41)
1.49 (0.75 — 1.97)
2.54 (1.80 - 8.89)




Figure 1: The occurrence of self-reported respiratory tract infections (RTIs) (1-2 times or 3 or more times or more or no infection) and the use of
antibiotics for RTIs (at least once, no any antibiotic) in the past 12 months in asthmatic and non-asthmatic.
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Figure 2: Multiple logistic regression models (odds ration) for infection (at least three infection) and the antibiotic (any antibiotic) use in relation
to occupational and environmental exposure (in the past 12 months) in general population. The analysis was not performed in the asthma subjects
due to small sample size in each subgroup. Adjusted for age, gender, smoking status, BMI and centers. LMW-low molecular weight agents,
HMW:- high molecular weight agents.
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Figure 3: Multiple logistic regression models (odds ration) for infection (at least three infection) and the antibiotic (any antibiotic) use in relation
to childhood otitis, childhood hospitalization and childhood asthma in general population and asthmatic subjects. Adjusted for age, gender,
smoking status, BMI and centers.
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Supplementary Table 1: The occurrence of self-reported respiratory track infections (RTI) (1-2 times or 3 or more times or more or no
infection) and the use of antibiotics for respiraotry track infections (at least once, no any antibiotic) in asthmatic and non-asthmatic subjects in the

past 12 months.

Asthma* Non-asthma* General population
(n=1038) (n=14641) (n = 15842)
RTIs, n (%)
1-2 376 (41.0%) 4923 (37.3%) 5324 (37.7%)
3 or more 231 (25.2%) 1402 (10.6%) 1639 (11.6%)
No infection 310 (33.8%) 6879 (52.1%) 7169 (50.7%)
Antibiotic, n (%) 348 (33.5 %) 1950 (13.3%) 2336 (14.7%)
No antibiotic, n (%) 690 (66.5%) 12691(86.7%) 13506 (85.3%)

*N=163 with missing data on asthma or non-asthma




Supplementary Table 2: Multiple logistic regression models (Odds ratio with 95% CI) for infection (at least three infection) and the antibiotic
(any antibiotic) use in relation to occupational and environmental exposure (in the past 12 months) in general population. Adjusted to age,
gender, smoking status, BMI and center. RTIs- at least three respiratory tract infections in the last 12 months, LMW-low molecular weight
agents, HMW- high molecular weight agents.

RTIs Antibiotics
Exposure, n Not adjusted Adjusted Not Adjusted Adjusted
General population
LMW, 750 0.72 (0.54 - 0.96) 0.78 (0.58 — 1.05) 0.64 (0.49 - 0.83) 0.70 (0.53 -0.91)
HMW, 1590 1.07 (0.90 - 1.27) 1.08 (0.90 - 1.29) 0.98 (0.84 —1.15) 0.98 (0.83 - 1.15)

Irritants, 2167

Dampness and mold,
2700

0.59 (0.49 - 0.72)

151 (1.33-1.72)

0.63 (0.51—0.76)

1.40 (1.23 — 1.59)

0.66 (0.56 — 0.77)

1.61 (1.44 - 1.79)

0.72 (0.61 - 0.85)

1.44 (1.28 - 1.61)

Asthmatics
LMW, 34 0.64 (0.26-1.58) 0.86 (0.34—2.18) 0.68 (0.31-1.47) 0.81 (0.36-1.83)
HMW, 110 1.41 (0.90-2.22) 1.58 (0.98-2.54) 1.17 (0.78-1.77) 1.30 (0.84-2.01)

Irritants, 100

Dampness and mold,
206

0.45 (0.24-0.86)

1.87 (1.30-2.70)

0.52 (0.27-1.01)

1.64 (1.12-2.40)

1.05 (0.68-1.64)

1.55 (1.12-2.16)

1.23 (0.76-1.99)

1.37 (0.97-1.93)




Supplementary Table 3: Multiple logistic regression models for respiratory infections (at least three times) and the antibiotic use (at least once)
in relation to early life infection and childhood asthma in the subjects with general population and asthma. Adjusted to age, gender, smoking
status, BMI and center. *Hospitalization due to severe respiratory infections, **Asthma symptoms including night symptoms and wheeze
Respirator infektions Antibiotics
Odds Ratio with 95% ClI
| Not adjusted
General population

Not adjusted Adjusted Adjusted

Child asthma

Childhhod hospitalisation*
Childhood otits

1.56 (1.16-2.10)
1.56 (1.25-1.95)
1.48 (1.31-1.67)

1.69 (1.24-2.29)
1.40 (1.11-1.77)
1.50 (1.33-1.70)

1.46 (1.11 - 1.91)
2.14 (1.78 — 2.56)
1.32 (1.19 - 1.47)

1.58 (1.20 — 2.08)
1.93 (1.59 - 2.33)
1.31 (1.17 - 1.46)

Asthma

Child asthma
Childhhod hospitalisation*
Childhood otits

1.45 (0.88 — 2.40)
1.19 (0.70 — 2.05)
1.29 (0.91 - 1.82)

1.62 (0.95— 2.76)
1.30 (0.73 - 2.30)
1.36 (0.94 — 1.96)

0.81 (0.50- 1.30)
2.05 (1.28 - 3.28)
1.14 (0.83 — 1.55)

0.85 (0.51 — 1.42)
2.63 (1.57 — 4.39)
1.17 (0.84 - 1.63)




Supplementary Table 4: Multiple logistic regression models for (A)respiratory infections (at least three times) and (B) the antibiotic use (at
least once) in the subjects from general population and asthma population. Adjusted to age, gender, smoking status, BMI and center.

Hospitalization due to severe respiratory infections.

A Respiratory infection

Aarhus

| Reykjavik

‘ Bergen

‘ Gothenburg

‘ Umea

‘ Uppsala

| Tartu

Childhood OR General population

Hospitalization | Not adjasted 2.36 (1.29-4.33) 1.99 (0.89-4.44) | 0.81(0.40-1.61) | 1.86(0.92-3.74) 1.34(0.63-2.83) | 1.91(1.11-3.24) | 1.14(0.75-1.72)
Adjasted 2.35 (1.22-4.53) 1.67 (0.70-3.97) | 0.80(0.40-1.61) | 2.04 (1.00-4.19) | 1.01(0.43-2.37) | 2.12(1.22-3.66) | 1.10(0.72-1.67)

Otitis Not adjasted 1.80 (1.31-2.48) 1.53(0.99-2.38) | 1.38 (1.01-1.90) | 1.34(0.95-1.89) | 1.40 (1.01-1.94) | 1.58 (1.21-2.07) | 1.47 (1.10-1.96)

, Adjasted 1.73 (1.24-2.41) 1.42 (0.89-2.25) | 1.41(1.03-1.95) | 1.42(1.00-2.02) | 1.41(1.01-1.96) | 1.72(1.30-2.26) | 1.46 (1.09-1.96)

Asthma

Hospitalization | Not adjasted 2.55(0.67-9.65) 3.24 (0.28-37.36) | 0.95(0.19-4.75) | 5.37 (0.94-30.78) | 1.38 (0.47-4.07) | 0.18(0.02-1.39) | 0.94 (0.14-6.54)
Adjasted 3.91(0.79-19.32) | 1.63(0.11-24.40) | 0.92 (0.17-5.04) | 7.08 (1.02-49.13) | 1.12(0.34-3.74) | 0.18(0.02-1.48) | 1.04 (0.10-10.54)

Otitis Not adjasted 2.22 (0.91-5.45) 1.09 (0.28-4.26) | 0.64 (0.24 — 2.36 (1.00-5.59) | 1.26 (0.59-2.72) | 1.26 (0.58-2.73) | 1.20 (0.22-6.52)

, Adjasted 2.22 (0.79-6.22) 0.80 (0.16-3.89) | 0.57 (0.18 — 2.87 (1.14-7.24) | 1.27 (0.56-2.85) | 1.54(0.64-3.73) | 1.12(0.12-10.20)

Childhood Not adjasted 0.94 (0.24-3.61) 1.49(0.41-5.41) | 0.43(0.05-3.53) | 0.47 (0.10-2.28) 1.61 (0.48-5.38) | 5.82(1.93-17.51) | 0.69 (0.06-8.47)

asthma Adjasted 1.26 (0.30-5.27) 0.88 (0.19-4.07) | 0.43 (0.04-4-11) | 0.64 (0.13-3.27) | 1.97 (0.55-7.04) | 7.46 (2.02-27.58) | 0.83 (0.05-15.10)

B Antybiotic
Aarhus ‘ Reykjavik ‘ Bergen ‘ Gothenburg ‘ Umed ‘ Uppsala ‘ Tartu
Childhood OR General population

Hospitalization | Not adjasted 3.20 (1.90-5.37) | 2.18(1.07-4.43) | 2.27 (1.50-3.44) | 1.48 (0.81-2.69) 1.40 (0.71-2.74) | 1.56 (0.94-2.59) | 1.72 (1.22-2.42)
Adjasted 3.32(1.90-5.80) | 2.27 (1.10-4.71) | 2.26 (1.48-3.46) | 1.55 (0.83-2.91) 1.41(0.71-2.81) | 1.52(0.89-2.58) | 1.73 (1.22-2.46)

Otitis Not adjasted 1.55(1.14-2.11) | 1.15(0.78-1.68) | 1.47 (1.15-1.89) | 1.25 (0.95-1.64) 1.44 (1.07-1.94) | 1.15(0.89-1.48) | 1.26 (0.97-1.63)

, Adjasted 1.47 (1.06-2.03) | 1.09 (0.74-1.62) | 1.49 (1.15-1.92) | 1.29 (0.97-1.70) 1.34 (0.98-1.82) | 1.16 (0.89-1.50) | 1.28 (0.99-1.67)

Asthma

Hospitalization | Not adjasted 5.39 (1.49-19.46) | 3.46 (0.35- 4.41 (1.09-17.88) | 8.58 (0.98-75.46) 1.35(0.50-3.63) | 1.16 (0.41-3.25) | 1.06 (0.15-7.34)

Adjasted 8.67 (1.80-41.74) | 3.01 (0.34- 4.89 (1.12-21.30) | 12.36 (1.30-117.82) | 1.94 (0.66-5.70) | 1.22 (0.41-3.60) | 0.79 (0.05-13.60)

Otitis

Not adjasted

1.77 (0.76-4.12)

1.15 (0.34-3.87)

1.34 (0.62-2.88)

1.47 (0.71-3.07)

1.26 (0.64-2.47)

0.87 (0.42-1.81)

0.21 (0.03-1.32)




Adjasted

1.47 (0.58-3.76)

0.87 (0.20-3.78)

1.65 (0.71-3.79)

1.45 (0.67-3.12)

1.32(0.64-2.71)

0.94 (0.42-2.07)

0.13 (0.00-5.37)

Childhood
asthma

Not adjasted

0.43 (0.09-2.00)

0.70 (0.21-2.31)

1.70 (0.47-6.16)

0.57 (0.17-1.93)

0.67 (0.18-2.41)

0.92 (0.31-2.75)

1.33(0.11-16.39)

Adjasted

0.45 (0.09-2.25)

0.75 (0.18-3.16)

1.67 (0.43-6.42)

0.67 (0.19-2.35)

0.92 (0.24-3.53)

0.84 (0.24-2.92)

0.18 (0.15-927.12)




