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Allergic rhinitis is the most common immunologic disorder

and it renders a considerable burden on both the affected

individuals and the society (1). Rhinitis is further an impor-

tant risk factor for asthma (2). Over the second half of the

past century, the prevalence of allergic rhinitis has increased

markedly in many countries including Sweden (1, 3). In a

recent study, we found the prevalence of allergic rhinitis

among adults in West Sweden to be high, 26.9%, and appar-

ently on the increase (4).

Several environmental factors have been hypothesized to

contribute to this increase, including allergen exposure,

indoor and ambient air pollution, reduced early childhood

infections and changes in dietary habits (5). However, none

of these factors has convincingly explained the observed

increase. In the past decade, various studies reported a lower

prevalence of allergic rhinitis among children living on a farm

(6–10). Furthermore, some studies indicated that the protec-

tive effect of childhood farm exposure continues into adult-

hood (9–12). However, it remains unclear whether this effect

is present in the adult population including also middle aged

and elderly.

Moreover, a number of studies have reported a greater

prevalence of allergic rhinitis in urban compared to rural resi-

dents (13, 14). How the effect of urbanization relates to

childhood farm environment and to age is yet to be eluci-

dated.

The aim of this study was to assess the effect of childhood

farm living and the degree of urbanization on the prevalence
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stråket 5, SE - 413 45 Gothenburg, Sweden.

Tel.: +46 703 274729

Fax: +46 31 342 3827

E-mail: jonas.eriksson@lungall.gu.se

Accepted for publication 29 March 2010

DOI:10.1111/j.1398-9995.2010.02397.x

Edited by: Stephan Weidinger

Abstract

Background: Various studies have reported a low prevalence of allergic rhinitis in

farmers and farmers’ children. We sought to investigate whether the protective effect

of childhood farm environment is conserved throughout adulthood and how it cor-

responds to different degrees of urbanization.

Methods: A questionnaire on respiratory health was mailed in 2008 to 30 000 ran-

domly selected subjects aged 16–75 in West Sweden, 29 218 could be traced and

18 087 (62%) responded. The questionnaire included questions on allergic rhinitis,

asthma, respiratory symptoms and possible determinants.

Results: When stratified into age groups of 15 years, subjects that lived on a farm

during their first 5 years of life had a lower prevalence of allergic rhinitis in all

groups, even among the oldest (61–75 years). The negative correlation between

childhood farm living and prevalence of allergic rhinitis was similar in 46–75 years

of age (OR 0.82; 95% CI 0.70–0.95) as in 16–45 years of age (OR 0.78; 0.64–0.95).

There was a significant trend of increasing prevalence of allergic rhinitis with

increasing degree of urbanization independent of the effect of childhood farm living.

Conclusions: We found a lifelong protective effect of childhood farm living on the

prevalence of allergic rhinitis. In addition, we found an increasing prevalence of

allergic rhinitis with increasing degree of urbanization both in those raised on a

farm and those not, thus emphasizing the influence of both childhood and adult

exposure for the development of allergic disease.
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of allergic rhinitis in a life-long perspective and their

importance as independent risk factors for allergic rhinitis in

a multivariate setting.

Material and method

Study population

In 2008, a self-administered postal questionnaire was mailed

to 30 000 inhabitants, aged 16–75, in the Swedish region of

West Gothia. By complete computerized randomization, a

sample of 15 000 subjects was selected from the metropolitan

area of Gothenburg. Likewise, 15 000 subjects of same ages

were randomly selected from the rest of the region. The

Swedish Population Register provided the names and

addresses. The invited individuals were given the possibility

to respond either by mail or over the internet. The selection

of the study population is extensively described elsewhere (4).

The ethical committee of the University of Gothenburg

approved the studies.

Questionnaire

In this study, we used the Swedish OLIN study questionnaire

(15) that has been used in several studies in northern Europe

(16–19) and contains questions about obstructive respiratory

diseases, rhinitis, respiratory symptoms and possible determi-

nants of disease, such as smoking, occupation and family his-

tory of allergic disease. Further, additional questions about

smoking habits and occupational and environmental expo-

sures were included as well as the Swedish version of the

GA2LEN questionnaire (20).

Degree of urbanization

Localities of residence were classed into four categories based

on their number of inhabitants. Metropolitan Gothenburg,

with approximately 700 000 inhabitants, was used as a sepa-

rate entity, while other localities with more than 10 000

inhabitants were considered mid-sized towns (all with

<100 000 inhabitants). Localities with 2000–10 000 inhabit-

ants were considered small towns and those with <2000

inhabitants rural areas. The classification was performed by

matching the subjects’ address information with official

population data from Statistics Sweden (21).

Definitions

Allergic rhinitis: ‘Have you ever had allergic eye or nose

problems (hay fever)’; Family history of allergy: ‘Has any of

your parents or siblings ever had allergic eye or nose prob-

lems (hay fever)’; Physician-diagnosed asthma: ‘Have you

been diagnosed as having asthma by a doctor’; Occupational

exposure: ‘Have you been substantially exposed to dust, gases

or fumes at work’; Raised on farm: ‘Did your family live on

a farm during your first 5 years of life’. Smokers reported

smoking during the year preceding the survey; Ex-smokers

reported having stopped smoking at least 12 months preced-

ing the survey; Nonsmokers reported neither smoking nor

ex-smoking.

Analyses

Ten percent of the data were computerized twice in purpose

of quality control of the computerization. Errors amounted

to 0.1–0.2% of the computerized data with only a few excep-

tions. Statistical analyses were performed using spss (SPSS

Inc, Chicago, IL, USA) version 16.0. Comparisons of pro-

portions were tested with Fishers’ exact test. One-way analy-

sis of variance (anova) was used for testing for trends. A

P-value of <0.05 was regarded as statistically significant.

Covariates used in the analyses included age, sex, family his-

tory of allergy, physician-diagnosed asthma, smoking habits,

degree of urbanization, living on a farm during the first

5 years of life and occupational exposure to dust, gases and

fumes. Multiple logistic regression models were performed

using these independent variables as risk factors (odds ratios,

OR, with 95% confidence intervals, CI) of allergic rhinitis. In

order not to loose statistical power, two age groups were

created and used in the multiple regression analyses.

Results

Demographics

The real study sample comprised of 29 218 subjects, 782 of

the initial 30 000 could not be traced (22). Of the real study

sample, 18 087 subjects (62%) participated. Participation was

significantly higher among women than in men (69% vs.

55%, P < 0.001) as well as outside compared to inside the

metropolitan area of Gothenburg (66% vs. 61%, P < 0.001).

Participation increased significantly by age (P < 0.001), from

51% in 16–25 years of age to 77% in 66–75 years of age.

The study population by age, sex, degree of urbanization and

childhood living is presented in Table 1.

Prevalence

The prevalence of allergic rhinitis was considerably lower

among subjects who lived on a farm during their first 5 years

of life than among those that did not (20.1% vs. 28.0%,

P < 0.001) (Table 2). The effect of growing up on a farm

was present both in men (18.4% vs. 27.4%, P < 0.001) and

in women (21.7% vs. 28.5%, P < 0.001). Further, the effect

was present and significant in all age groups, being most

pronounced in 16–30 years of age (19.5% vs. 30.5%,

P < 0.001) and least so in 61–75 years of age (16.5% vs.

19.4%, P = 0.045).

Moreover, the prevalence of allergic rhinitis increased with

increasing degree of urbanization. The highest prevalence was

found in metropolitan Gothenburg (28.3%), the second high-

est in mid-sized towns (27.6%), the third highest in small

towns (25.7%) and the lowest in rural areas (22.9%). This

trend was present (P < 0.001) both in men and in women.
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The effect of degree of urbanization was strongest in

16–30 years of age (P = 0.002), where the difference between

metropolitan Gothenburg and rural areas was 7% units, and

decreased in magnitude with increasing age. The prevalence

of allergic rhinitis was higher among women than in men in

metropolitan Gothenburg (29.3% vs. 27.1%, P = 0.024),

while no gender difference was found in the smaller localities.

Independent of the degree of urbanization, the highest preva-

lence was found in 31–45 years of age (28.9–33.7%) and the

lowest in 61–75 years of age (16.9–19.3%).

The effect of childhood farm living was present and signifi-

cant in all degrees of urbanization (Fig. 1A). The effects of

both variables were more pronounced in 16–30 years of age

(Fig. 1B), yet present throughout adulthood (Fig. 2). How-

ever, among subjects raised on a farm, the effect of urbaniza-

tion did not reach significance after 35 years of age.

Risk factors

Table 3 shows the difference in prevalence of potential con-

founders among subjects that either lived on a farm during the

first 5 years of life or not. After adjusting for these variables

in a multiple logistic regression model, growing up on a farm

was significantly negatively associated with allergic rhinitis

(OR 0.82; 95% CI 0.72–0.92) (Table 4). The risk was similar

in 46–75 years of age (OR 0.82; 0.70–0.95) as in 16–45 years

of age (OR 0.78; 0.64–0.95). Moreover, living in metropolitan

Gothenburg (OR 1.29; 1.15–1.44) or in a mid-sized town (OR

1.28; 1.13–1.45) was associated with increased risk of allergic

rhinitis. When removing family history of allergy from the

multivariate model, the association between allergic rhinitis

and childhood farm living did not alter significantly [OR 0.82

(95% CI 0.72–0.92) vs. OR 0.76 (95% CI 0.68–0.85)]. Like-

wise, when degree of urbanization was removed from the

model, the OR of the other variables, including childhood

farm living, changed only in the second decimal. Similarly,

when removing childhood farm living from the model, the

associations to other variables proved to be stable. Risk fac-

tors for allergic rhinitis are listed in Table 4.

When analyzing 16–30 years of age separately in the multi-

ple logistic regression model, the negative association of

being raised on a farm proved to be significantly stronger,

OR 0.67 (95% CI 0.48–0.93).

Discussion

In this large-scale cross-sectional study, we found living on a

farm during the first 5 years of life to be associated with a

Table 1 Study population by age, sex, degree of urbanization and childhood farm living

Age (years) Sex

Total16–30 31–45 46–60 61–75 Men Women

By degree of urbanization

Gothenburg (700 000 inh.) n 2379 2416 2228 1634 3886 4771 8657

Mid-sized towns (>10 000 inh.) n 893 1145 1203 1065 1963 2343 4306

Small towns (2000–10 000 inh.) n 313 514 531 451 812 997 1809

Rural areas (<2000 inh.) n 556 797 1055 907 1529 1786 3315

By childhood living

Not raised on a farm n 3766 4380 4125 3057 6904 8424 15 328

Raised on a farm n 328 454 835 940 1186 1371 2557

Total n 4141 4872 5017 4057 8190 9897 18 087

Table 2 Prevalence of allergic rhinitis by degree of urbanization, childhood farm living, age and sex

Age (years)

P-value

Sex

P-value Total16–30 31–45 46–60 61–75 Men Women

Degree of urbanization

Gothenburg (700 000 inh.), % 30.7 33.7 26.5 19.3 <0.001 27.1 29.3 0.024 28.3

Mid-sized towns (>10 000 inh.), % 30.9 32.8 27.4 19.3 <0.001 27.8 27.4 0.76 27.6

Small towns (2000–10 000 inh.), % 27.8 31.5 26.4 16.9 <0.001 24.3 26.9 0.21 25.7

Rural areas (<2000 inh.), % 23.6 28.9 22.1 18.1 <0.001 21.9 23.7 0.23 22.9

P 0.002 0.012 0.013 0.32 <0.001 <0.001 <0.001

Childhood living

Not raised on a farm, % 30.5 33.1 26.6 19.4 <0.001 27.4 28.5 0.13 28.0

Raised on a farm, % 19.5 26.0 21.3 16.5 0.006 18.4 21.7 0.043 20.1

P <0.001 0.002 0.001 0.045 <0.001 <0.001 <0.001
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lower prevalence of allergic rhinitis. When stratified by age,

this association was present and significant in all age groups.

Further, we found a trend of increasing prevalence of allergic

rhinitis with increasing degree of urbanization. In risk assess-

ment adjusting for the effect of potential confounders such as

sex, family history of allergic disease, smoking, degree of

urbanization and occupational exposure, growing up on a

farm was associated with a lower risk of allergic rhinitis in

younger adults (16–45 years of age), as well as in older adults

(46–75 years of age). Thus, our results are the first to demon-

strate a lifelong protective effect of childhood farm living on

the prevalence of allergic rhinitis.

The protective effect of childhood farm environment has

been attributed to exposures such as animal sheds, hay lofts

and consumption of unpasteurized milk (23). Particular inter-

est has been given to endotoxin, a cell wall component from

gram-negative bacteria. Significantly higher levels of endo-

toxin have been found in mattresses from farmers than from

nonfarmers and high levels of endotoxin are inversely related

to the occurrence of allergic rhinitis and atopy both among

farmers and nonfarmers (24). Exposure to microbial compo-

nents such as endotoxin is thought to promote a skewing of

the Th1/Th2 balance toward nonallergic Th1 responses (23,

25). The immune deviation into either Th1 or Th2 polariza-

tion is further suggested to be established already at 5 years

of age (26), thus indicating long-term effects of childhood

environmental exposure on sensitization and allergic disease

(27, 28). Accordingly, we found the protective effect of

having lived on a farm during the first 5 years of life to be

present throughout adulthood. Even so, our results suggest
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Figure 1 (A) Prevalence of allergic rhinitis by childhood farm living

and degree of urbanization. (>10 000 inh includes metropolitan

Gothenburg.) **P-value <0.01, ***P-value <0.001. (B) Prevalence

of allergic rhinitis in 16–30 years of age by childhood farm living

and degree of urbanization. (>10 000 inh includes metropolitan

Gothenburg.) *P-value <0.05.
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that the magnitude of the protection decreases with increasing

age. It is, however, plausible that other protective factors were

present in the nonfarming environment during the childhood

of the older subjects, such as more childhood infections and

different dietary habits, diminishing the sole effect of child-

hood farm living.

Furthermore, in agreement with a number of studies

worldwide (13, 14), we found a trend of increasing prevalence

of allergic rhinitis with increasing degree of urbanization.

The trend was significant until 60 years of age, while no dif-

ference due the degree of urbanization was found in

61–75 years of age. It is likely that at the time critical for

development of allergy in the older subjects, urban and rural

environmental exposure diverged less than later on. Adjusting

for potential confounders in a multivariate regression analy-

sis, living both in a mid-sized town and in metropolitan

Gothenburg was associated with an increased risk of allergic

rhinitis. However, the odds ratio for allergic rhinitis for sub-

jects living in Gothenburg was similar to that of subjects

living in a mid-sized town. Thus, it is likely that the protec-

tive effect on the prevalence of allergic rhinitis is most pro-

nounced in areas of low degree of urbanization. By means of

multiple logistic regression analysis, we could confirm that

the effect of urbanization could not be explained by a lower

proportion of subjects growing up on a farm in the more

populated localities. Hence, the trend of higher risk of aller-

gic rhinitis associated with higher degree of urbanization

is likely to be due to the environmental factors other than

childhood farm environment. Traffic-related air pollution has

been suggested to contribute to the increasing prevalence of

allergic disease in urban cities (29), and toxicological studies

have shown diesel exhaust particles to increase airway inflam-

mation and induce a rise in production of total and specific

IgE (30). Further, diesel exhaust particles may act as carriers

of antigens and increase their allergenic potential in the air-

ways (30). However, epidemiological studies that explicitly

analyze the associations between traffic exposure and allergic

rhinitis are few and their results are inconsistent (29).

Another factor that has been hypothesized to contribute to
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Figure 2 Prevalence of allergic rhinitis by

age and childhood living on a farm and de-

gree of urbanization. (>10 000 inh includes

metropolitan Gothenburg.)

Table 3 Difference in distribution of background variables between

subjects raised on a farm and those not raised on a farm

Raised on

a farm, %

Not raised

on a farm, % P-value

Family history of allergy

Yes 20.2 30.2 <0.001

Smoking

Current smoker 16.0 16.9 0.074

Ex-smoker 24.4 22.4 0.027

Never smoker 59.6 60.8 0.27

Sex

Men 46.4 45.0 0.21

Exposed to dust, gases and fumes at work

Yes 28.4 21.2 <0.001

Age

16–30 years 12.8 24.6 <0.001

21–45 years 17.8 28.6 <0.001

46–60 years 32.7 26.9 <0.001

61–75 years 36.8 19.9 <0.001

Degree of urbanization

Gothenburg 31.5 50.6 <0.001

Mid-sized towns 22.2 24.1 0.040

Small towns 11.3 9.8 0.016

Rural areas 35.0 15.5 <0.001
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the urbanization effect is the decreased exposure to pollen in

the urban environment, possibly leading to lower tolerance to

pollens (31).

Our results suggest that living in a rural locality exerts an

additive effect to that of growing up on a farm on the preva-

lence of allergic rhinitis, in particular among young adults

(16–30 years). This finding is in line with studies demonstrat-

ing a greater risk reduction of allergic rhinitis among subjects

living on a farm during both childhood and adulthood com-

pared to those living on a farm during childhood only (9,

32).

When assessing the risk reduction for allergic rhinitis associ-

ated with childhood farm living, the influence of confounding

factors needs to be carefully considered. We noted that sub-

jects raised on a farm reported family history of allergy to a

significantly lower extent than those not raised on a farm, sug-

gesting a ‘healthy farmer effect’, i.e. selection out of farming

because of the allergic disease. However, a Finnish study dem-

onstrated that quitting or avoiding farming because of allergy

was as common in parents and grandparents of nonfarmers’

children as in those of farmers’ children (33). Moreover, when

adjusting for family history of allergy, the association between

allergic rhinitis and childhood farm living remained statisti-

cally significant. In addition, removing family history of

allergy from the multivariate model did not alter the associa-

tion between allergic rhinitis and childhood farm living.

This study benefits from its population-based design and

large scale. Further, it covers a large geographic area with a

variety of types of locality, including rural areas and metro-

politan Gothenburg, as well as a number of mid-sized and

small towns, thus, representing well the population composi-

tion of Sweden. In addition, individuals from the full age

span of adulthood were enrolled in the study rendering possi-

ble analyses with lifelong perspectives.

The response rate of the study is comparable to other

recent European surveys. In addition, a study of nonresponse

on the current study population showed no difference in the

prevalence of allergic rhinitis between responders and nonre-

sponders (22).

In risk factor assessment by multiple regression analysis,

there is always a risk for type I-errors (e.g. significant associa-

tion by chance). However, as the associations in our model

did not alter when the analysis was performed in many differ-

ent ways, such errors are less likely to have occurred. A limi-

tation of the study is that childhood exposures others than

living on a farm, such as number of siblings, parental smoking

habits and childhood infections, were not asked for. However,

a number of studies assessing the confounding effect of these

variables found that they did not alter the association between

allergic rhinitis and childhood farm environment (6–8, 11).

Another limitation is that the question on allergic rhinitis is

based on self-report. However, in an ongoing clinical follow-

up study including skin prick testing, data so far show that a

large majority, 82%, of subjects reporting allergic rhinitis was

sensitized to common airborne antigens, thus confirming the

validity of the question. The skin prick tests are performed

following the EAACI guidelines (34). Moreover, among sub-

jects reporting allergic rhinitis, 99% also reported symptoms

of rhinitis including a large proportion reporting chronic

nasal symptoms. Thus, the question on allergic rhinitis seems

to represent subjects with both seasonal and chronic disease.

In conclusion, we found a protective effect of childhood

farm living on the prevalence of allergic rhinitis and, as the

first to date, we could show this effect to be conserved

Table 4 Risk factors for allergic rhinitis by multiple logistic regression analysis

Independent variables Dependent variable = Allergic rhinitis

Variables Categories

16–45 years 46–75 years 16–75 years

OR (95% CI) OR (95% CI) OR (95% CI)

Sex Women (reference: men) 0.81 (0.73–0.90) 0.98 (0.87–1.11) 0.89 (0.82–0.96)

Family history of allergy Yes (reference: no) 5.12 (4.61–5.68) 6.16 (5.41–7.00) 5.60 (5.16–6.07)

Physician diagnosed asthma Yes (reference: no) 5.80 (4.87–6.92) 5.24 (4.30–6.39) 5.62 (4.93–6.41)

Smoking Non-smoker 1 1 1

Ex-smoker 1.16 (0.99–1.35) 0.97 (0.85–1.10) 1.02 (0.92–1.12)

Current smoker 0.92 (0.80–1.07) 0.70 (0.59–0.83) 0.81 (0.73–0.91)

Age 16–30 years 1

31–45 years 1.48 (1.33–1.64)

46–60 years 1.31 (1.17–1.47)

61–75 years 1.03 (0.91–1.17)

Degree of urbanization Rural areas 1 1 1

Small towns 1.07 (0.86–1.35) 1.26 (1.01–1.58) 1.16 (0.99–1.36)

Mid-sized towns 1.16 (0.97–1.38) 1.39 (1.17––1.65) 1.28 (1.13–1.45)

Metropolitan Gothenburg 1.22 (1.04–1.43) 1.29 (1.10–1.51) 1.29 (1.15–1.44)

Occupational exposure to dust,

gases and fumes

Yes (reference: no) 1.10 (0.97–1.25) 1.18 (1.03–1.36) 1.13 (1.03–1.24)

Raised on a farm Yes (reference: no) 0.78 (0.64–0.95) 0.82 (0.70–0.95) 0.82 (0.72–0.92)

*All associations in each age group derive from a single multiple logistic regression analysis. Significant odd ratios are given in bold.
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throughout adulthood. Further, we demonstrated an increas-

ing prevalence of allergic rhinitis with increasing degree of

urbanization, present both in subjects raised on a farm and

in those not, thus emphasizing the influence of both child-

hood and adult exposure for the development of allergic dis-

ease.
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