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a b s t r a c t

Background: Second hand tobacco smoke (SHS) and overweight/obesity are risk factors for asthma and

lower airway respiratory symptoms. We investigated whether SHS or overweight/obesity were also

associated with allergic or non-allergic rhinitis.

Methods: Cross-sectional data were obtained during the second SAPALDIA Study. Interviewer adminis-

tered questionnaires were completed by 8047 participants from 8 communities in Switzerland. Blood

was collected from 5841 participants and tested for allergen specific IgE. Allergic rhinitis was defined as

nasal symptoms with detectable IgE. Data were analysed by multinomial logistic regression with four

outcome categories defined according to the presence or absence of rhinitis and/or atopy.

Results: The prevalence of allergic rhinitis was 885 (15.2%) and non-allergic rhinitis 323 (5.5%). The risk

of allergic rhinitis was increased in subjects with physician diagnosed asthma (Relative Risk Ratio 6.81;

95%CI 5.39, 8.6), maternal atopy (1.56; 1.27, 1.92) and paternal atopy (1.41; 1.11, 1.79). Older subjects were

at lower risk (0.96; 0.95,0.97 per year), as were those raised on a farm (0.64; 0.49,0.84), with older

siblings (0.92; 0.86,0.97 per sib) or from rural areas. The risk of non-allergic rhinitis was also increased in

subjects with physician diagnosed asthma (4.02; 2.86, 5.67), reduced in males (0.59; 0.46, 0.77), but not

associated with upbringing on a farm or older siblings. There were no significant associations of SHS or

overweight/obesity with either form of rhinitis.

Conclusions: Allergic and non-allergic rhinitis have different risk factors apart from asthma. There are

significant regional variations within Switzerland, which are not explained by the factors examined.
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Introduction

Rhinitis is characterised by nasal symptoms such as rhinorrhoea,

post-nasal drip, sneezing, obstruction and/or pruritus. The ARIA

(Allergic Rhinitis in Asthma) classification1 includes infectious,

allergic, occupational, drug induced and hormonal rhinitis. There

are also other rarer causes including the non-allergic rhinitis with

eosinophilia syndrome, irritant, food-related and atrophic rhinitis.

Epidemiological studies todate have focussed on allergic rhinitis,2e4

which is highly prevalent in many Western countries5 and causes

considerable impairment of quality of life.6 The median fraction

attributable to atopy (population attributable risk) was 27%,5 which

means that other risk factors for rhinitis must also be important.

Second hand (or environmental tobacco) smoke (SHS) exposure

is associated with lower respiratory symptoms, asthma and dec-

rements in lung function. Both active smoking and SHS may in-

crease the risk of chronic rhinitis.7,8 However the results of studies

of active and passive smoking on allergic rhinitis have been con-

flicting. Obesity and overweight are associated with lower respi-

ratory symptoms and several studies have suggested that this

increasingly common condition is associated with asthma, partic-

ularly non-allergic asthma.9 This could provide a partial explana-

tion for the increase in the prevalence of asthma that has been

observed in Western countries over the last 50 years. Longitudinal

analysis of data from the Tasmanian longitudinal Health Study

(TAHS) found that adiposity at 7 years was associated with current

asthma at 32 years of age, particularly in women.10 However much

less is known about the possible role of obesity/overweight in

rhinitis.

The aims of the present analysis of data from the Swiss Cohort

Study on Air Pollution and Lung and Heart Diseases in Adults

(SAPALDIA) were to address the following questions:

1. Does second hand smoke (SHS) increase the risk of allergic or

non-allergic rhinitis?

2. Does obesity/overweight increase the risk of allergic or non-

allergic rhinitis?

3. Are any associations independent of demographic factors,

family history, asthma, occupational and early life exposures?

Methods

Subjects

SAPALDIA enrolled 9651 Swiss adults aged between 18 and

60 years at baseline in 1991. Subjects in the present analysis were

participants in the second SAPALDIA study conducted from 2001 to

2003, when weight was measured and blood collected for allergic

and other markers. The detailed methods and characteristics of

participants have been described elsewhere.11 However briefly, an

interviewer administered questionnaire similar to that used in the

European Community Respiratory Health Survey (ECHRS)12 was

completed by 8047 participants from 8 communities around

Switzerland (Basel, Wald, Davos, Lugano, Montana, Payerne, Aarau

and Geneva) (Fig. 1). A health examination was agreed to by 6528

participants and 5973 completed the entire protocol. The studywas

approved by the Swiss Academy of Medical Sciences and ethics

committees of all regional study sites. Written informed consent

was obtained from all study participants.

Definitions

Exposure to second hand smoke (SHS) was defined as a positive

response to the following question: Have you been regularly

exposed to tobacco smoke in the last 12 months? This definition

has been previously used in SAPALDIA.13 Overweight was defined

as 25 � Body Mass Index (BMI) < 30 kg/m2 and obesity as

BMI � 30 kg/m2.14

The outcome of rhinitis was defined as a positive response to the

question: Do you have any nasal allergies including hay fever?

Asthma was defined as positive responses to: Have you ever had

asthma? and Was this confirmed by a doctor?

Atopy was considered an effect modifier. Blood was taken from

5841 participants and assayed for total and allergen specific IgE

in vitro. The polyvalent Phadiatop™ assay detected allergen specific

IgE � 0.35 kUA/L to any of 11 allergens [Cladosporium, Dermato-

phagoides pteronyssinus, Dermatophagoides farinae, cat, dog, horse,

birch, timothy, olive, mugwort, Parietaria judaica].

Allergic rhinitis was defined as a positive answer to the rhinitis

question together with a positive Phadiatop™. Non-allergic

rhinitis was defined as a positive answer to the rhinitis question,

with a negative Phadiatop™.

Parental atopywas defined as a positive response to either of the

following questions: Did your mother ever have eczema, skin or

nasal allergy or hay fever? Did your father ever have eczema, skin or

nasal allergy or hay fever?

Statistical analysis

This commenced with a cross-sectional analysis of the data on

rhinitis from SAPALDIA2. Univariate associations with the extent of

participation or type of rhinitis were assessed in contingency tables

with c2 tests. Comparisons between groups were made by analysis

of variance or non-parametric equivalents if distributional as-

sumptions were not satisfied. Multinomial logistic regression

models were then fitted with four outcome categories defined ac-

cording to the presence or absence of rhinitis and/or atopy. Forward

entry was used with stepwise selection based on the likelihood

ratio test. Initial selection of covariates was guided by the literature

and prior knowledge. Covariates included: demographic e age, sex,

level of education, nationality (Swiss/other); family history e

maternal or paternal asthma or atopy; occupation e self reported

exposure to vapours, gas, dust or fumes; early childhood “hygiene”

e number of older siblings, early respiratory infections, farm resi-

dence and day care attendance; and active smoking e non-smoker,

ex-smoker or current smoker. Sensitivity analyses were conducted

and covariates retained in the models if they altered the OR by 10%.

Doctor diagnosed asthma was initially fitted as a covariate, and

subsequently examined as a stratification variable. The effect esti-

mates from the multinomial logistic models were expressed as

Relative Risk Ratios (RRR) and 95% confidence intervals (95%CI),

relative to the group with no rhinitis or atopy. RRR can be inter-

preted as odds ratios conditional on having observed either the

reference outcome or the outcome in question. Analyses were

conducted in SPSS (version 19, IBM, Armonk NY 2010) and SAS

(version 9.3, SAS Institute Inc., Cary NC, USA, 2011).

Results

Description of subjects

Of the 8047 participants in this follow-up study, 4180 (51.9%)

were female and 3867 (48.1%) male. The mean (SD) age at this

examinationwas 52.1 (11.6) years. Mean BMI was 25.9 (4.45) kg/m2,

thus 2494 (25.8%) were classified as overweight and 1068 (11.1%)

obese. The educational level of 2082 (25.9%) participants was

considered high (University or technical college), 5257 (65.4%) in-

termediate (middle school or apprenticeship) and 702 (8.7%) low

(primary and/or secondary school). Doctor diagnosed asthma was
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reported by 775 (9.6%) of participants. There were 3394 (42.2%)

never smokers, 2537 (26.3%) former and 2116 (26.3%) current

smokers. Over a quarter (1953 or 25.6%) had been exposed to SHS in

the last 12 months, but only 6.4% reported exposure at work and

mean (SD) daily hours exposed to SHS were 0.78 (2.1). A similar

proportion (1801 or 27.4% of respondents) reported current occu-

pational exposure to vapours, gas, dust or fumes.

A family history of maternal asthmawas reported by 369 (4.6%),

maternal atopy by 1102 (13.7%), paternal asthma by 465 (5.8%) and

paternal atopy by 793 (9.9%) participants in SAPALDIA2. Early life

hygiene factors included 3660 (45.5%) sharing a bedroom in early

childhood, 1831 (22.8%) attending day care, 638 (7.9%) had a severe

respiratory infection before the age of 5 years, 979 (12.2%) were

exposed to maternal smoking and 1038 (15.8%) lived on a farm up

to the age of 5.

Compared to those who only completed the questionnaire,

those who provided blood to be tested for IgE were slightly

younger; were more likely to be Swiss nationals, highly educated,

never smokers and living on a farm up to the age of 5 years.

Conversely they were less likely to be currently exposed to SHS or

maternal smoking during childhood. There were also significant

variations in the full participation rate between communities

(p < 0.001). There were no significant differences in sex, BMI,

overweight/obese, doctor diagnosed asthma, occupational expo-

sures, number of older siblings or family history (Table 1).

Allergic and non-allergic rhinitis

The prevalence of allergic rhinitis was 885 (15.2%) and non-

allergic rhinitis 323 (5.5%) in 5834 subjects with complete data. A

further 874 (9.1%) were atopic but did not report symptoms of

rhinitis. However a clear majority of subjects did not have rhinitis

or atopy. Key unadjusted differences between these 4 groups are

summarised in Table 2. Females were significantly more likely than

males to have non-allergic rhinitis. Allergic rhinitis was more

prevalent in Basel and Geneva than Wald or Payerne. Those with

allergic rhinitis were significantly younger, had a lower BMI and

were less likely to be overweight/obese. They were also signifi-

cantly more likely to have higher education. The mean [SD] age of

onset of allergic rhinitis was 22.5 [14.2] years which was signifi-

cantly younger than non-allergic rhinitis (35.2 [17.3] years,

p < 0.0001). Doctor diagnosed asthmawas significantly more likely

among both allergic and non-allergic rhinitis than the other groups.

Those with allergic rhinitis were significantly less likely to be cur-

rent or former smokers. However there were no significant differ-

ences between groups in exposure to SHS in the previous 12

months, exposure to SHS at work, daily hours exposed to SHS or

occupational exposure to vapours, gas, dust or fumes.

A family history of maternal or paternal atopy was significantly

more likely among those with allergic rhinitis. Maternal asthma

was slightly more common among those with allergic rhinitis, but

Fig. 1. SAPALDIA study regions.

Table 1

Differences between participants who only completed the questionnaire and those

who also provided blood to be tested for IgE.

Questionnaire

only (n ¼ 2212)

Full participation

(n ¼ 5835)

P value

Male sex (%) 1028 (46.5) 2839 (48.7) 0.08

Age e mean (SD) years 51.7 (11.9) 52.2 (11.4) 0.05

BMI e median [IQR] kg/m2 25.5 [22.5, 28.8] 25.4 [22.8, 28.3] 0.45

Overweight/obese (%) 426 (54.6)y 3068 (52.7) 0.32

Education e high (%) 479 (21.7) 1603 (27.5)

Intermediate (%) 1403 (63.5) 3, 854 (66.1) <0.001

Asthma (%) 232 (10.5) 543 (9.3) 0.11

Smoking e current (%) 691 (31.2) 1425 (24.4)

Former (%) 676 (30.6) 1861 (31.9) <0.001

Exposed to SHS (%) 515 (28.4) 1438 (24.7) 0.002

Occupational exposure to

vapours, gas, dust or fumes (%)

194 (24.8)y 1607 (27.8) 0.08

Maternal atopy (%) 297 (13.5) 805 (13.8) 0.68

Paternal atopy (%) 231 (10.5) 562 (9.6) 0.27

Childhood on farm 98 (12.6)y 940 (16.3) 0.008

Maternal smoking 310 (14.1) 669 (11.5) 0.002

y n ¼ 780.
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there was no significant difference in paternal asthma (data not

shown). Those without rhinitis or atopy were significantly more

likely to have spent the first five years of their lives on a farm.

Maternal smoking during childhood was more likely among those

with allergic rhinitis or atopy alone. There were no significant dif-

ferences in severe early respiratory infections or day care atten-

dance between participants with rhinitis or atopy and those

without these conditions.

Multinomial logistic models of allergic and non-allergic rhinitis

are summarised in Table 3. The risk of allergic rhinitis was signifi-

cantly increased in subjects with doctor diagnosed asthma (RRR

6.81; 95%CI 5.39, 8.6), maternal atopy (1.56; 1.27, 1.92) and paternal

atopy (1.41; 1.11, 1.79). Older subjects were at lower risk (0.96; 0.95,

0.97 per year), as were those raised on a farm (0.64; 0.49, 0.84),

with older siblings (0.92; 0.86, 0.97 per sib) or from Aarau, Payerne,

Montana or Wald. The risk of non-allergic rhinitis was also signif-

icantly increased in subjects with doctor diagnosed asthma (4.02;

2.86, 5.67), but reduced in males (0.59; 0.46, 0.77) and those from

Aarau, Montana or Lugano.

There was no significant independent association of SHS with

either form of rhinitis. Maternal smoking was not selected to enter

the model. When current smoking was selected by the stepwise

procedure, non-smokers appeared to be at an increased risk of

allergic rhinitis (1.88; 1.51, 2.34), as did former smokers (1.43; 1.12,

1.82). However exposure to SHS was still not significantly associ-

ated with either form of rhinitis. This finding did not change when

the data were stratified by asthma.

Similarly there was no significant independent association of

overweight/obesity with either form of rhinitis. The distributions of

all four outcome groups as a function of BMI in those without or

with asthma are given in Fig. 2a,b respectively.

When the analysis was stratified by asthma status, BMI in the

non-extreme range was not associated with either form of rhinitis

in non-asthmatics (Fig. 2a). In asthmatics, there was a tendency

for persons with allergic rhinitis to have BMI at the lower end

(Fig. 2b).

Discussion

This large population based study has confirmed that allergic

and non-allergic rhinitis have different risk factors, apart from

asthma. However second hand tobacco smoke and overweight/

obesity did not appear to be independent risk factors for either

form of rhinitis. The strongest risk factors for allergic rhinitis were

asthma and a family history of atopy. The risk was lower among

older subjects, which could be due to atopy declining with age or a

cohort effect. The protective effects of older siblings and being

raised on a farm are consistent with the “hygiene” hypothesis.15 The

apparent association with higher education as a proxy for socio-

Table 2

Description of participants by type of rhinitis. P values relate to comparisons between the four categories (n < 5834 for some analyses because of missing data).

No rhinitis or atopy

(n ¼ 3752)

Atopic only

(n ¼ 874)

Non-allergic rhinitis

(n ¼ 323)

Allergic rhinitis

(n ¼ 885)

P value

Male sex (%) 1774 (47.3) 509 (58.2) 112 (34.7) 444 (50.2) <0.001y

Area e Geneva 181 (58.0) 47 (15.1) 30 (9.6) 54 (17.3)

Aarau 638 (65.6) 134 (13.8) 47 (4.8) 154 (15.8)

Payerne 589 (69.8) 131 (15.5) 54 (6.4) 70 (8.3)

Montana 395 (66.7) 81 (13.7) 23 (3.9) 93 (15.7)

Lugano 536 (62.1) 153 (17.7) 30 (3.5) 144 (16.7)

Davos 260 (63.4) 58 (14.1) 26 (6.3) 66 (16.1)

Wald 751 (66.8) 154 (13.7) 66 (5.9) 153 (13.6)

Basel 402 (56.1) 116 (16.2) 47 (6.6) 151 (21.1) <0.001y

Age e mean (SD) yrs 53.6 (11.2) 51.2 (11.1) 52.8 (10.8) 47.6 (11.5) <0.001z

BMI e median [IQR] kg/m2 25.5 [22.9, 28.4) 25.6 [23.1, 28.7] 25.4 [22.4, 28.9] 24.8 [22.5, 27.4] <0.001x

Overweight/obese (%) 2015(53.8) 481 (55.3) 167 (52.0) 405 (45.9) <0.001y

Education e high (%) 933 (24.9) 248 (28.4) 82 (25.5) 340 (38.5)

Intermediate 2565 (68.4) 566 (64.8) 207 (64.3) 516 (58.4) <0.001y

Asthma (%) 168 (4.5) 115 (13.2) 53 (16.4) 207 (23.4) <0.001y

Smoking e current (%) 933 (24.9) 248 (28.4) 81 (25.1) 163 (18.4)

Former 1237 (33.0) 257 (29.4) 112 (34.7) 255 (28.8) <0.001y

Exposed to SHS (%) 909 (24.2) 241 (27.7) 82 (25.5) 206 (23.4) 0.14y

Occupational exposure to vapours, gas, dust or fumes

(%)

1018 (27.4) 241 (27.8) 87 (27.4) 261 (29.8) 0.53y

Maternal atopy (%) 445 (11.9) 121 (13.8) 50 (15.5) 189 (21.4) <0.001y

Paternal atopy (%) 312 (8.3) 87 (10.0) 36 (11.1) 127 (14.4) <0.001y

Childhood on farm 697 (18.8) 111 (12.8) 55 (17.5) 77 (8.8) <0.001y

Maternal smoking 396 (10.6) 119 (13.7) 38 (11.8) 116 (13.3) 0.022y

y
c
2 test for comparison of proportions.

z Analysis of variance.
x Kruskal Wallis test.

Table 3

Multinomial logistic models of allergic and non-allergic rhinitis.

Allergic rhinitis Non-allergic rhinitis

RRR 95%CI RRR 95%CI

Male sex 1.08 (0.91, 1.27) 0.59 (0.46, 0.77)

Areay e Geneva 0.78 (0.54, 1.17) 1.30 (0.78, 2.16)

Aarau 0.63 (0.48, 0.83) 0.61 (0.40, 0.94)

Payerne 0.36 (0.26, 0.50) 0.74 (0.48, 1.13)

Montana 0.65 (0.47, 0.89) 0.47 (0.27, 0.80)

Lugano 0.86 (0.65, 1.15) 0.47 (0.29, 0.77)

Davos 0.88 (0.62, 1.24) 0.89 (0.53, 1.50)

Wald 0.70 (0.53, 0.92) 0.75 (0.50, 1.13)

Age (/year) 0.96 (0.95, 0.97) 0.99 (0.98, 1.003)

SHS 0.86 (0.71, 1.03) 1.04 (0.79, 1.37)

Overweight/obese 0.96 (0.81, 1.13) 1.02 (0.80, 1.31)

Older sibs number 0.92 (0.86, 0.97) 0.96 (0.89, 1.04)

Paternal atopy 1.41 (1.11, 1.79) 1.22 (0.84, 1.78)

Maternal atopy 1.56 (1.27, 1.92) 1.18 (0.85, 1.64)

Educationz
e high 1.48 (0.94, 2.32) 0.68 (0.42, 1.10)

intermediate 1.02 (0.66, 1.57) 0.57 (0.38, 0.87)

Asthma 6.81 (5.39, 8.60) 4.02 (2.86, 5.67)

Childhood on farm 0.64 (0.49, 0.84) 0.91 (0.66, 1.27)

RRR, Relative Risk Ratio (relative to group with no rhinitis or atopy); SHS, Second

Hand Smoke.
y Basel is reference community.
z Low education is reference category.
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economic status was probably due to confounding by other factors.

Non-allergic rhinitis appeared to be more common in females than

males, similar to non-allergic asthma. Symptoms also appeared to

commence at an older age than in allergic rhinitis.

Striking regional variations in the prevalence of rhinitis and

atopy both within Switzerland16 and around Europe and beyond

have been noted previously.5 The prevalence of allergic and non-

allergic rhinitis was generally lower in the rural communities,

consistent with the hygiene hypothesis. However the variation

remained even after accounting for the early life environment,

suggesting that other factors might be responsible. The prevalence

was not consistently lower in alpine communities (Davos, Mon-

tana), suggesting that allergen exposures might be less relevant.

However this is likely to be confounded by selection effects as it is

Fig. 2. Distribution of rhinitis/atopy outcomes as a function of BMI in subjects (a)without (b)with doctor diagnosed asthma. The lowest curve (green circles) gives the proportion of

subjects without rhinitis symptoms or atopy. Second band (between green circles and blue triangles) proportion of subjects with atopy but no rhinitis symptoms. Third band

(between blue triangles and red diamonds) proportion of subjects with rhinitis symptoms but no atopy. Fourth band (between red diamonds and black squares) proportion of

subjects with rhinitis symptoms and atopy.

M.J. Abramson et al. / Allergology International 65 (2016) 192e198196



conceivable that some asthmatics moved to Davos to reduce

allergen exposures.

Second hand smoke (SHS) exposure during childhood was

associated with lower respiratory symptoms, asthma and decre-

ments in lung function among young adults participating in the

European Community Respiratory Health Survey (ECRHS).17 Occu-

pational SHS exposure was also associated with any respiratory

symptom and current asthma in adults.17 Both active smoking and

SHS may increase the risk of chronic rhinitis.7,8 However the results

of studies of smoking on allergic rhinitis have been conflicting,

perhaps due to self report bias or “healthy smoker” effects. We

think that avoidance is the most likely explanation for the apparent

protective effect that we observed of current or former smoking on

allergic rhinitis.

The literature to date on overweight/obesity and rhinitis has

been inconclusive. Such a relationship is biologically plausible and

similar to asthma might be mediated through inflammatory path-

ways involving cytokines including tumour necrosis factor (TNF).18

One case-control study from China found that obesity was associ-

ated with a 3 fold increase in the risk of allergic rhinitis.19 On the

other hand, a large cross-sectional study of Japanese adults found

that obesity and active smoking were associated with a reduced

risk of rhinitis without asthma,20 which could be due to reverse

causation. An earlier study of Japanese children found that obesity

was associated with a reduced risk of allergic conjunctivitis with or

without allergic rhinitis.21 However there was no overall associa-

tion of BMI with allergic rhinitis per se. So our inability to

demonstrate a simple linear association in Swiss adults is not

altogether surprising. The suggestive evidence of an interaction

between BMI, asthma and allergic rhinitis needs to be studied

further in the context of longitudinal data. In our cross-sectional

analyses, we cannot differentiate whether obesity is protective

against allergic rhinitis in asthmatics or whether persons with

asthma and allergic rhinitis are more likely to adapt a lifestyle and

diet to avoid obesity.

The main strengths of SAPALDIA are the sampling of a nation-

ally representative population and a high retention rate on follow-

up (86% of living persons).11 The use of an objective in vitro test of

allergen specific IgE to classify atopy is a further strength. Weight

and height were measured, allowing accurate estimation of BMI.

Weaknesses are similar to other previous studies. The diagnosis of

rhinitis or hay fever relied on self report and was subject to

misclassification. However this question has been widely used in

the ECRHS.22,5 We concede that the combination of this question

with allergen specific IgE cannot identify mixed rhinitis.23

Furthermore exposure to SHS and the diagnosis of parental

atopy were also based on self report. Not all subjects who

completed questionnaires provided blood potentially introducing

further selection bias. In particular smokers and those exposed to

SHS were less likely to fully participate. However further analysis

of propensity scores suggested that this did not explain the dif-

ferences in the prevalence of allergic or non-allergic rhinitis be-

tween communities. The present analysis is cross-sectional and

apart from early life exposures cannot clearly establish the

sequence of events.

The major clinical implication of our findings flows from the

strong association between asthma and rhinitis. We would

encourage clinicians to ask about nasal symptoms in their patients

with asthma. Treating allergic rhinitis can improve asthma control.1

Whilst avoidance of SHS and weight loss are clearly desirable for

individual patients and public health purposes, we would not

expect these measures to have much effect on the risk of rhinitis.

Although this study adds to the evidence supporting the hygiene

hypothesis, there is currently no feasible intervention for primary

prevention of allergies. The significant regional variations of rhinitis

within Switzerland remain unexplained and require further

research.

Acknowledgements

Current SAPALDIA Team.

Study directorate: NM Probst-Hensch (PI; e/g); T Rochat (p), C

Schindler (s), N Künzli (e/exp), JM Gaspoz (c).

Scientific team: JC Barth�el�emy (c), W Berger (g), R Bettschart (p), A

Bircher (a), C Brombach (n), PO Bridevaux (p), L Burdet (p), Felber

Dietrich D (e), M Frey (p), U Frey (pd), MWGerbase (p), D Gold (e), E

de Groot (c), W Karrer (p), F Kronenberg (g), B Martin (pa), A Mehta

(e), D Miedinger (o), M Pons (p), F Roche (c), T Rothe (p), P Schmid-

Grendelmeyer (a), D Stolz (p), A Schmidt-Trucks€ass (pa), J Schwartz

(e), A Turk (p), A von Eckardstein (cc), E Zemp Stutz (e).

Scientific team at coordinating centers: M Adam (e), I Aguilera (exp),

S Brunner (s), D Carballo (c), S Caviezel (pa), I Curjuric (e), A Di

Pascale (s), J Dratva (e), R Ducret (s), E Dupuis Lozeron (s), M Eeftens

(exp), I Eze (e), E Fischer (g), M Foraster (e), M Germond (s), L Grize

(s), S Hansen (e), A Hensel (s), M Imboden (g), A Ineichen (exp), A

Jeong (g), D Keidel (s), A Kumar (g), NMaire (s), AMehta (e), RMeier

(exp), E Schaffner (s), T Schikowski (e), M Tsai (exp).

(a) Allergology, (c) cardiology, (cc) clinical chemistry, (e) epidemi-

ology, (exp) exposure, (g) genetic and molecular biology, (m)

meteorology, (n) nutrition, (o) occupational health, (p) pneumol-

ogy, (pa) physical activity, (pd) pediatrics, (s) statistics.

The study could not have been done without the help of the study

participants, technical and administrative support and the medical

teams and field workers at the local study sites.

Local fieldworkers: Aarau: S Brun, G Giger, M Sperisen, M Stahel,

Basel: C Bürli, C Dahler, N Oertli, I Harreh, F Karrer, G Novicic, N

Wyttenbacher, Davos: A Saner, P Senn, R Winzeler, Geneva: F

Bonfils, B Blicharz, C Landolt, J Rochat, Lugano: S Boccia, E Gehrig,

MT Mandia, G Solari, B Viscardi, Montana: AP Bieri, C Darioly, M

Maire, Payerne: F Ding, P Danieli A Vonnez, Wald: D Bodmer, E

Hochstrasser, R Kunz, C Meier, J Rakic, U Schafroth, A Walder.

Administrative staff: N Bauer Ott, C Gabriel, R Gutknecht.

This study is supported by the following funding. The Swiss Na-

tional Science Foundation (grants no 33CS30-148470/1, 33CSCO-

134276/1, 33CSCO-108796, 3247BO-104283, 3247BO-104288,

3247BO-104284, 3247-065896, 3100-059302, 3200-052720, 3200-

042532, 4026-028099, PMPDP3_129021/1, PMPDP3_141671/1), the

Federal Office for the Environment, the Federal Office of Public

Health, the Federal Office of Roads and Transport, the cantonal

governments of Aargau, Basel-Stadt, Basel-Land, Geneva, Luzern,

Ticino, Valais, and Zürich, the Swiss Lung League, the cantonal Lung

Leagues of Basel Stadt/Basel Landschaft, Geneva, Ticino, Valais,

Graubünden and Zurich, Stiftung ehemals Bündner Heilst€atten,

SUVA, Freiwillige Akademische Gesellschaft, UBS Wealth Founda-

tion, Talecris Biotherapeutics GmbH, Abbott Diagnostics, European

Commission 018996 (GABRIEL), Wellcome Trust WT 084703MA.

These data have been presented as a poster at the American

Thoracic Society International Conference, San Diego, USA, 2014.

Conflicts of interest

MJA has received conference travel support from Boehringer Ingelheim and

Sanofi and an unrelated consultancy from AstraZeneca. He holds investigator initi-

ated grants from Pfizer and Boehringer Ingelheim for unrelated research. He was

previously chair of the COPD guidelines committee of the Lung Foundation of

Australia. The rest of the authors have no conflict of interest.

Authors' contributions

NK, EZ and NPH designed the study. MJA, CS, TS and NPH wrote the manuscript.

AJB, LB, MWG, MI, TR, PSG and AJT contributed to data collection in the field and in

the laboratory. MJA and CS performed the statistical analysis and interpretation of

the results. All authors read and approved the final manuscript.

M.J. Abramson et al. / Allergology International 65 (2016) 192e198 197



References

1. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al. Allergic

rhinitis and its impact on asthma (ARIA) 2008 update (in collaboration with the
World Health Organization, GA(2)LEN and AllerGen). Allergy

2008;63(Suppl 86):8e160.

2. Wüthrich B, Schindler C, Leuenberger P, Ackermann-Liebrich U, SAPALDIA-
Team. Prevalence of atopy and pollinosis in the adult population of Switzerland

(SAPALDIA study). Int Arch Allergy Immunol 1995;106:149e56.
3. Matheson MC, Walters EH, Simpson JA, Wharton CL, Ponsonby AL, Johns DP,

et al. Relevance of the hygiene hypothesis to early vs. late onset allergic rhinitis.
Clin Exp Allergy 2009;39:370e8.

4. Mitchell EA, Beasley R, Bjorksten B, Crane J, Garcia-Marcos L, Keil U, et al. The

association between BMI, vigorous physical activity and television viewing and
the risk of symptoms of asthma, rhinoconjunctivitis and eczema in children

and adolescents: ISAAC Phase Three. Clin Exp Allergy 2013;43:73e84.
5. Bousquet PJ, Leynaert B, Neukirch F, Sunyer J, Janson CM, Anto J, et al.

Geographical distribution of atopic rhinitis in the European community res-

piratory health survey I. Allergy 2008;63:1301e9.
6. Hellgren J, Balder B, Palmqvist M, Lowhagen O, Tunsater A, Karlsson G, et al.

Quality of life in non-infectious rhinitis and asthma. Rhinology 2004;42:183e8.
7. Higgins TS, Reh DD. Environmental pollutants and allergic rhinitis. Curr Opin

Otolaryngol Head Neck Surg 2012;20:209e14.
8. Eriksson J, Ekerljung L, Sundblad BM, Lotvall J, Toren K, Ronmark E, et al.

Cigarette smoking is associated with high prevalence of chronic rhinitis and

low prevalence of allergic rhinitis in men. Allergy 2013;68:347e54.
9. Baumann S, Lorentz A. Obesity e a promoter of allergy? Int Arch Allergy

Immunol 2013;162:205e13.
10. Burgess JA, Walters EH, Byrnes GB, Giles GG, Jenkins MA, Abramson MJ, et al.

Childhood adiposity predicts adult-onset current asthma in females: a 25-yr

prospective study. Eur Respir J 2007;29:668e75.
11. Ackermann-Liebrich U, Kuna-Dibbert B, Probst-Hensch NM, Schindler C, Felber

Dietrich D, Stutz EZ, et al. Follow-up of the Swiss cohort study on air pollution
and lung diseases in adults (SAPALDIA 2) 1991e2003: methods and charac-

terization of participants. Soz Praventivmed 2005;50:245e63.

12. Burney PGJ, Luczynska C, Chinn S, Jarvis D. The European community respi-

ratory health survey. Eur Respir J 1994;7:954e60.
13. Leuenberger P, Schwartz J, Ackermann-Liebrich U, Blaser K, Bolognini G,

Bongard JP, et al. Passive smoking exposure in adults and chronic respiratory
symptoms (SAPALDIA Study). Swiss study on air pollution and lung diseases in

adults, SAPALDIA Team. Am J Respir Crit Care Med 1994;150(5 Pt 1):1222e8.

14. World Health Organization. Obesity: Preventing and Managing the Global
Epidemic. Report of a WHO Consultation. Geneva: World Health Organization;

2000.
15. Strachan DP. Family size, infection and atopy: the first decade of the “hygiene

hypothesis”. Thorax 2000;55(Suppl 1):S2e10.
16. Wuthrich B, Leuenberger P, Ackermann-Liebrich U, Schindler C, Karrer W,

Kunzli N, et al. Atopy, air pollution and respiratory diseases in a Swiss normal

population (SAPALDIA-Study). Allergologie 1999;22:267e74.
17. Accordini S, Janson C, Svanes C, Jarvis D. The role of smoking in allergy and

asthma: lessons from the ECRHS. Curr Allergy Asthma Rep 2012;12:185e91.
18. Castro-Giner F, Kogevinas M, Imboden M, de Cid R, Jarvis D, Machler M, et al.

Joint effect of obesity and TNFA variability on asthma: two international cohort

studies. Eur Respir J 2009;33:1003e9.
19. Luo X, Xiang J, Dong X, Cai F, Suo J, Wang Z, et al. Association between obesity

and atopic disorders in Chinese adults: an individually matched case-control
study. BMC Public Health 2013;13:12.

20. Konno S, Hizawa N, Fukutomi Y, Taniguchi M, Kawagishi Y, Okada C, et al. The

prevalence of rhinitis and its association with smoking and obesity in a
nationwide survey of Japanese adults. Allergy 2012;67:653e60.

21. Kusunoki T, Morimoto T, Nishikomori R, Heike T, Ito M, Hosoi S, et al. Obesity
and the prevalence of allergic diseases in schoolchildren. Ped Allergy Immunol

2008;19:527e34.
22. Abramson M, Kutin JJ, Bailey M, Raven J, Dunster K, Rolland J, et al. Nasal al-

lergies and hayfever among young adults in Melbourne, Australia. Allergol Int

1997;46:213e9.
23. Settipane RA, Charnock DR. Epidemiology of rhinitis: allergic and nonallergic.

Clin Allergy Immunol 2007;19:23e34.

M.J. Abramson et al. / Allergology International 65 (2016) 192e198198


	Rhinitis in Swiss adults is associated with asthma and early life factors, but not second hand tobacco smoke or obesity
	Introduction
	Methods
	Subjects
	Definitions
	Statistical analysis

	Results
	Description of subjects
	Allergic and non-allergic rhinitis

	Discussion
	Conflicts of interest
	Authors' contributions

	Acknowledgements
	References


