Pet-keeping in childhood and adult
asthma and hay fever: European
Community Respiratory Health Survey
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Background: Whether pet-keeping early in life protects
against or promotes allergy remains unclear.

Objective: Our aim was to examine the effects of childhood
pet-keeping on adult allergic disease in a large international
population-based study, including information on sensitization,
adult pet-keeping, and pet prevalence in the populations.
Methods: We used information from structured interviews (n =
18,530) and specific IgE to common aeroallergens in blood sam-
ples (n = 13,932) from participants in the European Community
Respiratory Health Survey (ECRHS) to analyze the associations
between keeping pets and adult asthma and hay fever.

Results: Keeping cats in childhood was associated with asthma
only among atopic subjects, an association that varied between
centers (P = .002) and was stronger where cats where less com-
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mon (< 40% cats: odds ratioyee,e [ORyeezel = 1.84,95% CI =
1.31-2.57; 40%-60% cats: OR} ccze = 1.33, 95% CI = 1.10-
1.61; 260% cats: OR pcee = 0.98, 95% CI = 0.73-1.33). Dogs
owned in childhood or adulthood were associated with asthma
among nonatopic subjects (childhood: OR .., = 1.28, 95%
CI = 1.13-1.46; adulthood: OR }ceze = 1.31, 95% CI = 1.14-
1.51; both: OR} ceze = 1.69, 95% CI = 1.40-2.04). In atopic
subjects, those who had owned dogs in childhood had less hay
fever (OR = 0.85; 95% CI = 0.73-0.98) and no increased risk of
asthma (ORe,e = 1.01, 95% CI = 0.87-1.17). Respiratory
symptoms were more common in subjects who had owned
birds during childhood (OR ,cee = 1.125 95% CI = 1.02-1.23)
independent of sensitization.

Conclusions: The effects of pet-keeping in childhood varied
according to the type of pet, the allergic sensitization of the
individual, and the wider environmental exposure to allergen.
Cats owned in childhood were associated with more asthma in
sensitized adults who grew up in areas with a low community
prevalence of cats. Dogs owned in childhood seemed to protect
against adult allergic disease but promote nonallergic asthma.
(J Allergy Clin Immunol 2003;112:289-300.)

Key words: Cats, dogs, birds, asthma, hay fever, sensitization, tol-
erance, hygiene hypothesis, ECRHS

Whether pet-keeping early in life protects against or pro-
motes allergic disease remains unclear. Traditionally, pets
have been considered a major promotor of allergic disease,
and several studies show how pets increase the risk for asth-
ma (Table I).12 However, an increasing bulk of evidence
indicates protective effects of early exposure to pets3-13
(Table 1) or animals in a farm environment.!4 15 The litera-
ture is complex and contradictory and subject to a bias
toward publication of more “interesting” results. Little
information exists on whether the effects of exposure to pets
in early life on asthma and allergy persist into adulthood.?-

To date, we know of 3 possible mechanisms through
which contact with animals might influence immunolog-
ic priming early in life: allergen stimulation causing sen-
sitization, allergen stimulation inducing tolerance, and
microbial stimulation enhancing immune deviation
toward a nonallergic Ty1 profile. The common assump-
tion that exposure to allergens is the main determinant of
allergy has lately been vigorously debated.!6-13 Since the
hygiene hypothesis was introduced in 1989,!9 there has
been increasing focus on how altered microbial stimula-
tion during immunologic priming early in life could con-
tribute to the recent increase in allergy in the Western
world.20-22 The concept of tolerance is applied in
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TABLE I. Literature overview of childhood pet-keeping and (subsequent) atopic sensitization and disease
Population Findings: atopic sensitization Findings: atopic disease Reference
Meta-analysis of 32 Previous pets related to more wheeze in Apelberg

studies of children

Cobhort studies
1314 children
13y cat allergen and skin prick test cat (+)

Comment: Low cat allergen* exposures
1218 children

Positive dose-response relationship between

children >6 y (+) and less wheeze in 20011
children younger than 6 y (=)

Wahn
199747

Pets protective for eczema at 4 y (=) Tariq 199848

0-4y
2472 children Cat first year protective for skin prick test cat (-) Pet first year related to less allergic rhinitis Hesselmar
7-13y and less asthma 19996
939 children No association of indoor allergens with Lau
0-7y asthma and wheeze (0) 200049
2531 children Dog and cat protective for atopic eczema at Nafstad
04y 0-6 mo, particularly when parental atopy (=) 20007

Pets protective for hay fever at 4 y (-)

Dogs at birth related to more bronchial

hyperresponsiveness at 0-2 y (+)
412 children Lower sensitization rate in areas with low Hesselmar
12-13y community cat prevalence (+) 200150
1246 children Dog or cat early in life not related to skin prick Dog early in life protective for wheeze (-) Remes
0-13 y test (0) No association with cat (0) 200113
3339 children Pets protective for prevalent asthma and Ronmark
7-8y wheeze (-), related to more incident 200151
wheeze (+)

498 children Cat protective for wheeze when no maternal ~ Celedon
0-5y asthma (=), related to more wheeze 200211
with parental allergy when maternal asthma (+)

No association of dogs and wheeze (0)
226 children Dog protective for wheeze (-) Litonjua
0-5y Cat allergen protective for wheeze (=) 200212

with parental allergy

(continued on next page)

Abbreviations used
ECRHS: European Community Respiratory Health Survey
OR: Odds ratio

immunotherapy. It has recently been suggested that high-
dose cat exposure might induce tolerance toward cat sen-
sitization.23:24 This implies that a change from high to
moderate exposure to cat allergen could, paradoxically,
increase cat sensitization in a community. Finally, early
life exposure to animals might possibly influence the
development of the airways and the lung parenchyma
through nonallergic mechanisms involving endotoxin or
other pro-inflammatory substances?5 or transmission of
microbes causing manifest lower airways infections.26:27
The individual response to each of these mechanisms is
likely to depend on host factors.18.28

On the basis of today’s knowledge, it is not possible to
give confident advice concerning pet-keeping and aller-
gy. In this article, we analyze data from the multicultural
and population-based European Community Respiratory
Health Survey (ECRHS) to study how keeping cats,
dogs, and birds in childhood is related to adult asthma
and hay fever. We have taken into account atopic sensiti-
zation, current adult pet-keeping, and more general expo-
sure to cats measured as the population prevalence of cat

ownership. The associations of pets and atopic sensitiza-
tion in the ECRHS are specifically dealt with previously.
Svanes et al3 revealed that subjects who had kept a dog
in childhood were less often sensitized toward common
aeroallergens (cat, grass, house dust mite); for childhood
cat exposure a protective effect was restricted to sensiti-
zation toward grass and cat in those with parental allergy.
Roost et al> showed more sensitization toward cat in
adults who currently kept a cat, but less cat sensitization
in predisposed subjects who had kept a cat in childhood.

METHODS

Data collection

The methodology for the ECRHS has been fully described else-
where.?9 Participating centers selected an area defined by pre-exist-
ing administrative boundaries with a population of at least 150,000.
A random population sample of at least 1500 men and 1500 women
aged 20 to 44 years was selected. In stage I, subjects were sent the
ECRHS self-completed screening questionnaire. In stage II, a
smaller random sample of subjects who had completed the screen-
ing questionnaire was invited to attend for a more detailed inter-
viewer-led questionnaire, lung function testing, and blood tests.
Specific IgE to common aeroallergens was measured in serum sam-
ples and was considered to be positive if >0.35 kU/L. Details of the
IgE measurements are described elsewhere.30 The informed consent
of all participants was obtained, and the study was approved by all
the involved ethics committees.
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TABLE I. Continued

Comment: high exposure to cat allergen*

2729 children Current pet protective for sensitization (=), no

No association between current pet exposure, Anyo

7-12y association of past pet (0) and asthma, wheeze, and bronchial 200234
Pet first 2 years protective for pollen sensitization (=) hyperresponsiveness (0), but a positive
association past pet ownership and asthma (+)
5360 children Dogs first year of life and currently protective for Hoelscher
5-14y IgE pollen (-) 20023

Cats first year of life associated with high IgE cat (+)

(+), Positive association; (=), negative association, (), no association.
*Additional measurement of cat allergen in settled house dust.

This analysis includes data collected from 1991 to 1993 for
18,530 subjects from 36 centers representing 16 countries, of which
13,932 subjects (75%) provided blood tests for measurement of spe-
cific IgE. Information on pet-keeping, symptoms, and potential con-
founding variables was obtained from the interviewer-led question-
naire. The wording of the questions on pet-keeping is given in the
footnote to Table II. Atopy was defined as having specific IgE to cat,
timothy grass, house dust mite, and/or Cladosporium.

Statistical analysis

Logistic regression models were used to assess the independent
effects of pet-keeping in childhood and adulthood on adult symp-
toms of asthma and hay fever. Adjustments were made for other
childhood factors, sex, age, smoking habits (never, ex-smoker, and
current smoking), occupation (European Economic Community
Status Groups-14),3! and study center. Potential heterogeneity
between centers was studied by meta-analyses.32 Stratified analyses
and analyses of interaction did not show differences in association
between keeping pets in childhood and adult symptoms according
to sex or smoking status. All analyses were carried out using the sta-
tistical software program Stata.33

RESULTS

Pet-keeping was common in all centers (Table II), and
65% of the subjects had kept pets in childhood, whereas
41% currently kept pets. People often had more than 1
pet and tended to keep the same pet in childhood and
adulthood (Table III). Asthma and allergy in parents and
siblings did not seem to influence systematically the
decision to keep pets. Smokers more often kept pets, and
this was true among our study subjects and their parents.
Subjects from large families more often had cats or dogs
in childhood but less often had cats and dogs when
adults. Women more often kept cats in childhood and
adulthood. Childhood cats were more common in the
earlier birth cohorts, whereas children in the later birth
cohorts were more likely to keep birds.

Respiratory symptoms were more common in subjects
who had kept dogs or birds in childhood and in subjects
who currently kept a dog (Table IV). Keeping a dog dur-

Population Findings: atopic sensitization Findings: atopic disease Reference
835 children Two or more dogs or cats first year of life protective Ownby
6-7y for sensitization (skin prick test, specific IgE) at 200210
age 67y (=) .
3431 children Cat ever protective for skin prick test cat (-) Cat ever protective for asthma when asthma Perzanowski é’ ]
69y Dog ever protective for skin prick test dog when in family (-) 2002° ° §
parental allergy (-) Dog ever protective for asthma w v
Cross-sectional studies ‘E T
2646 adults Pet in childhood protective for asthma starting Sunyer E
20-44 y before age 15y (=) 19974 =9
Not associated with asthma starting after age g g
15 (0) £ 2
2999 adults Current cat not associated with skin prick test Current cat or pet related to more wheeze and  Noertjojo 2 g
20-44 y cat (0) asthma (+) 19992
No association with childhood pet (0)
13,509 adults Cat in childhood protective for adult IgE cat Roost
20-44 y when parental allergy (=) 19995
Comment: Current cat related to more IgE cat
314 children No association between cat allergen* and skin Sporik
12-14y prick test cat (0) 199916
13,932 adults Dog in childhood protective for adult sensitization Svanes
20-44 y (IgE grass, house dust mite, cat) (-) 19993
Cat in childhood protective for sensitization when
parental allergy (-)
2108 children Current cat protective for skin prick test cat when Braback
10-11y atopic heredity (-) 200136
2502 adults Inverse U-shaped association between cat allergen* Custovic
18-58y and IgE cat (=) 200123
431 adolescents Childhood cat protective for cat sensitization (-) Henriksen
No association of dog and dog sensitization (0) 200137
226 children Inverse U-shaped association between cat allergen Platts-Mills
12-13y and IgE cat (-) 200124
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TABLE Il. Prevalence of pet-keeping in subjects aged 20 to 44 years by country

Childhood Adulthood

Country Number Cats* (%) Dogs* (%) Birds* (%) Catst (%) Dogst (%) Birdst (%)
Iceland 564 41 26 36 12 6 9
ik Norway 835 47 35 28 15 13 7
5 Sweden 1,856 50 45 36 19 15 8
3 E Estonia 431 58 57 34 15 25 2
) 5_ Ireland 454 38 77 44 11 32 6
<5 Great Britain 1,579 49 59 47 29 25 10
&z Netherlands 1,247 38 60 56 23 24 22
2o Belgium 1,122 60 66 58 24 17 16
§ ;;'- Germany 1,983 27 28 50 15 8 14
S Switzerland 853 44 36 46 20 8 9
France 2,125 48 48 31 19 15 3
Spain 1,942 39 44 53 8 14 20
Ttaly 894 42 41 30 21 19 9
New Zealand 1,254 83 60 59 59 35 15
Australia 668 64 72 61 35 38 15
United States (Portland) 723 68 86 39 45 36 10
Totals 18,530 48 49 45 22 19 12

*#7Yes” to the following question: “When you were a child, did anyone in your household keep any of the following pets [cats, dogs, birds, etc]?”
17Yes” to the following questions: “Do you keep a cat?” “Do you keep a dog?” “Do you keep a bird?”

TABLE Ill. Factors related to childhood and adult pet-keeping (mutually adjusted and adjusted for center) in 17,546
men and women with complete information on all included variables

Childhood

Adult

Cat

Dog

Bird

Cat

Dog

Bird

OR (95% CI)

OR (95% CI)

OR (95% ClI)

OR (95% CI)

OR (95% CI)

OR (95%Cl)

Childhood cat
Childhood dog
Childhood bird

Additional adult pet
Mother asthma/ allergy
Father asthma/ allergy
Sister asthma/ allergy
Brother asthma/ allergy

Parental smoking

Current or ex-smoker
Siblings—per one sib

Sex, F/M
Age (y)

20-24

25-29

30-34

35-39

40-44
Occupation* 1
Occupation 2
Occupation 3

2.68 (2.51-2.87)
1.52 (1.42-1.62)
0.98 (0.90-1.06)
0.97 (0.89-1.05)
1.03 (0.94-1.12)
0.96 (0.88-1.05)
1.01 (0.94-1.09)
1.08 (1.01-1.15)
1.14 (1.11-1.17)
1.09 (1.02-1.16)

1
1.07 (0.96-1.19)
1.15 (1.03-1.29)
1.19 (1.07-1.33)
1.41 (1.26-1.57)
1
1.05 (0.97-1.14)
0.86 (0.76-0.96)

2.68 (2.51-2.87)

1.88 (1.75-2.00)
1.05 (0.97-1.14)
0.97 (0.89-1.06)
0.99 (0.91-1.08)
0.88 (0.81-0.96)
1.41 (1.31-1.52)
1.21 (1.13-1.29)
1.13 (1.10-1.16)
0.96 (0.90-1.03)

1
1.02 (0.91-1.13)
0.97 (0.87-1.09)
1.00 (0.89-1.11)
1.00 (0.90-1.12)
1
1.00 (0.93-1.09)
0.94 (0.84-1.06)

1.52 (1.42-1.62)
1.88 (1.75-2.00)

1.03 (0.95-1.11)
1.04 (0.96-1.13)
1.14 (1.05-1.24)
1.01 (0.93-1.09)
1.17 (1.09-1.26)
1.14 (1.07-1.22)
0.99 (0.96-1.02)
0.99 (0.93-1.06)

1
0.93 (0.84-1.03)
0.88 (0.79-0.98)
0.77 (0.69-0.86)
0.76 (0.69-0.85)
1
1.05 (0.97-1.13)
1.07 (0.96-1.20)

2.10 (1.93-2.28)
0.92 (0.84-1.00)
1.14 (1.06-1.24)
1.21 (1.11-1.32)
1.03 (0.94-1.13)
0.87 (0.79-0.97)
1.03 (0.94-1.14)
1.03 (0.94-1.14)
1.11 (1.02-1.22)
1.20 (1.11-1.31)
0.91 (0.88-0.94)
1.16 (1.07-1.25)

1
0.88 (0.78-1.01)
0.90 (0.79-1.02)
0.92 (0.80-1.04)
1.10 (0.96-1.24)
1
0.98 (0.89-1.08)
0.91 (0.78-1.04)

0.90 (0.82-0.98)
1.85 (1.98-2.02)
1.12 (1.03-1.21)
1.52 (1.40-1.66)
1.04 (0.94-1.14)
0.93 (0.84-1.04)
0.93 (0.84-1.04)
1.01 (0.91-1.12)
1.08 (0.98-1.19)
1.24 (1.14-1.35)
0.97 (0.93-1.00)
1.06 (0.98-1.15)

1
0.77 (0.68-0.88)
0.75 (0.65-0.86)
0.88 (0.77-1.01)
1.02 (0.90-1.17)
1
1.06 (0.96-1.16)
0.97 (0.83-1.13)

0.87 (0.78-0.97)
1.09 (0.98-1.22)
1.87 (1.69-2.07)
1.39 (1.25-1.54)
1.03 (0.92-1.17)
0.97 (0.85-1.11)
1.03 (0.91-1.16)
0.83 (0.73-0.94)
1.07 (0.96-1.20)
0.94 (0.85-1.04)
1.03 (0.99-1.07)
1.10 (1.00-1.22)

1
0.77 (0.65-0.91)
0.84 (0.71-0.99)
1.03 (0.88-1.21)
1.17 (1.00-1.36)
1
1.31 (1.17-1.47)
1.11 (0.93-1.33)

OR, Odds ratio.

*QOccupations: 1 includes all professional, skilled, and semiskilled workers; 2 is laborers and clerical, sales, and service workers; 3 is unclassified/unknown.
Boldfaced odds ratios refer to associations with P < .05.

ing childhood was related to less adult hay fever. These
associations differed significantly according to atopic
status (Table V). Data for wheeze are presented, but the
results were similar for the other respiratory symptoms
and asthma medication. Among atopic subjects, keeping
a cat during childhood was related to more adult respira-
tory symptoms, whereas keeping a dog in childhood

seemed to protect against adult hay fever. Among those
who were not atopic, dogs kept at any time of life were
related to more adult respiratory symptoms. The associa-
tion between birds kept during childhood and adult res-
piratory symptoms was independent of atopic status.

In atopic subjects, the association between keeping a
cat during childhood and wheeze (and other respiratory
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TABLE IV. Childhood and adult pet-keeping as related to adult asthma and hay fever

Wheeze, T Wheeze
Wheeze* breathlessness” without cold* Asthma medication* Hay fever*
OR OR OR OR OR
Variable Percent (95% CI)t  Percent  (95% CI)t Percent  (95% CI)t  Percent (95% CI)t  Percent  (95% CI)t
Childhood cat
No 21 1 10 1 13 13 1 26 1
Yes 25 1.08 13 1.08 14 0.97 3 1.08 28 1.01
(0.99-1.17) (0.97-1.20) (0.88-1.08) (0.89-1.30) (0.93-1.09)
Childhood dog
No 20 1 10 1 12 13 1 26 1
Yes 26 1.10 13 1.04 16 1.16 3 0.98 27 0.90
(1.01-1.20) (0.93-1.16) (1.04-1.28) (0.82-1.19) (0.83-0.98)
Childhood bird
No 21 1 10 1 13 13 1 26 1
Yes 25 1.14 13 1.21 15 1.11 3 1.04 27 1.00
(1.05-1.23) (1.09-1.34) (1.01-1.22) (0.87-1.25) (0.93-1.08)
Adult cat
No 22 1 11 1 13 13 1 26 1
Yes 25 0.97 13 0.97 15 0.98 4 0.80 29 0.98
(0.88-1.06) (0.86-1.09) (0.88-1.10) (0.65-0.99) (0.90-1.07)
Adult dog
No 22 1 11 1 13 13 1 26 1
Yes 28 1.12 14 1.13 17 1.17 5 1.25 29 1.04
(1.02-1.23) (1.00-1.28) (1.04-1.31) (1.02-1.54) (0.95-1.15)
Adult bird
No 23 1 12 1 14 13 1 27 1
Yes 23 0.99 11 0.92 13 0.97 3 0.92 26 1.09
(0.87-1.11) (0.79-1.08) (0.84-1.12) (0.69-1.23) (0.97-1.23)

Boldfaced odds ratios refer to associations with P < .05.
OR, Odds ratio.

*Respiratory symptoms during last 12 months, current asthma medication, current hay fever.
F0dds ratios with 95% Cls as estimated by logistic regression adjusting for parental allergy, siblings allergy, parental smoking, number of siblings, age, sex,
current smoking, current occupation, and study center. Approximately 17,500 subjects with complete information were included in the analyses.

symptoms) varied greatly between centers (Pheerogencity =
.002) (Fig 1, A). The magnitude of the associations was
inversely related to the prevalence of keeping cats during
childhood in each center (r = —0.488) (Fig 1, B). In cen-
ters in which more than 60% reported having a cat dur-
ing childhood, there was no increase in risk for wheeze
related to cats kept during childhood (OR 0.98, 95% CI
=0.73-1.33). In centers with 40% to 60% childhood cats,
the OR was 1.33 (95% CI = 1.10-1.61), and in centers
with <40% childhood cats the OR was 1.84 (95% CI =
1.31-2.57). This interaction by prevalence of cats kept
during childhood was significant (<40% versus >60%
childhood cats: P, craction = -008), whereas there was no
association with prevalence of cat ownership in the cen-
ter at the time of the survey.

The increased asthma risk in nonatopic subjects who
had kept a dog in childhood was consistent across centers
(Pheterogencity = -3) (Fig 2), whereas the lack of associa-
tion between dogs kept during childhood and wheeze
among atopic subjects showed some heterogeneity
(Pheterogencity = -046). Differences in the prevalence of
keeping dogs during childhood could not explain this
heterogeneity. The protective effect of dogs kept during
childhood on hay fever among the atopic subjects was
homogeneous across centers (Ppegerogencity = -5) (Fig 3),

as was the association of birds kept during childhood and
adult asthma (Pyeierogeneity = -2)-

The association of cats kept during childhood and
asthma among atopic adults was significant in those who
kept a cat only in childhood but not currently as adults
(Table VI). The strongest associations between respirato-
ry symptoms and dog ownership among the nonatopic
were among those who had kept dogs both in childhood
and adulthood. The protective effect of keeping a dog on
hay fever among atopic subjects was restricted to those
who had kept a dog in childhood.

DISCUSSION

Keeping a cat during childhood was associated with
asthma but only among atopic subjects. This association
was, however, highly heterogeneous between centers, and
the magnitude of the association was inversely related to
the prevalence of cats kept during childhood. Thus, in
subjects who grew up in an area with relatively low pub-
lic exposure to cats, having their own cat was associated
with an increased risk for adult asthma. In subjects from
areas with a very high prevalence of cats, however, a cat
at home was not associated with increased asthma risk.
Dog keeping in childhood or adulthood was related to
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combined odds ratio, diamond indicates 95% Cl from model, with center as random effect. The size of each
square is proportional to the sample size. B, Log odds ratio for association of childhood cats and adult
wheeze in sensitized subjects and prevalence of childhood cats by center. r = -0.488.

more adult asthma among nonatopic subjects. Among the
atopic, dog keeping in childhood was related to reduced
risk for adult hay fever. These associations were consis-
tent across the ECRHS, including centers with great dif-
ferences in prevalence of symptoms, habits of pet-keep-
ing, and sociocultural conditions. The associations of cat
and dog ownership with adult asthma and hay fever dif-
fered substantially according to allergic disposition,

whereas subjects who had birds in childhood had more
adult respiratory symptoms independent of atopic status.
Each pet showed different associations with asthma and
hay fever. This is plausible, because the animal species
have different allergenic and microbial properties and
interact with children at different ages. These findings add
to the evidence that early life contact with animals does
influence the development of the immune system and the
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TABLE V. Childhood and current adult pet-keeping as related to wheeze and hay fever at age 20-44 years, in 4514 sub-
jects with atopic sensitization (specific IgE to house dust mite, cat, grass, and/or mold) and 9407 subjects without

Wheeze

Hay fever

Nonatopic subjects Atopic subjects

Nonatopic subjects Atopic subjects

OR OR OR OR
Percent (95% CI)* Percent (95% CI)* Pt  Percent (95% CI)* Percent (95% CI)* Pt

Childhood cat

No 17 1 28 1 14 1 48 1

Yes 21 1.06 (0.93-1.20) 37 1.28 (1.10-1.48) .014 16 1.02 (0.90-1.17) 50 1.02 (0.88-1.17) .3
Childhood dog

No 16 1 29 1 15 1 50 1

Yes 23 1.28 (1.13-1.46) 35 1.01 (0.87-1.17) .032 16 0.98 (0.86-1.13) 47 0.85 (0.73-0.98) .001
Childhood bird

No 17 1 30 1 15 1 51 1

Yes 21 1.13 (1.00-1.27) 34  1.18 (1.02-1.36) .9 16 1.07 (0.94-1.21) 46 0.83 (0.81-1.06) .06
Adult cat

No 18 1 31 1 15 1 48 1

Yes 22 1.07 (0.93-1.23) 35 0.95(0.80-1.12) .3 18 1.04 (0.90-1.21) 52 1.06 (0.90-1.25) .9
Adult dog

No 18 1 31 1 15 1 48 1

Yes 25 1.31 (1.14-1.51) 37 1.01 (0.85-1.21) .038 17 1.04 (0.88-1.22) 51 1.12 (0.94-1.33) 9
Adult bird

No 19 1 32 1 16 1 49 1

Yes 19 096 (0.80-1.15) 30 0.89(0.72-1.11) .5 14 1.02 (0.83-1.25) 46 1.09 (0.88-1.35) .9

Boldfaced odds ratios refer to associations with P < .05.
OR, Odds ratio.

*#0dds ratios with 95% CI as estimated by logistic regression adjusting for parental allergy, siblings allergy, parental smoking, number of siblings, age, sex,

current smoking, current occupation, and study center.
TP values for interactions of effect of pets on symptom according to atopy.

airways, with the potential to prevent or promote subse-
quent disease, even in adulthood.

Methodologic considerations

The major problem in the interpretation of analyses of
pets and allergy, is that the study subjects cannot be ran-
domly assigned with regard to pet-keeping. People choose
whether and what kind of pet to keep on the basis of a
range of motives. Doctors in many countries expect aller-
gy to be a main determinant in this choice, whereas the lit-
erature gives contradictory information.>-3435 If families
with allergy tend to avoid keeping pets, this should have
been reflected in apparent “protective” effects of cats and
dogs on both asthma and hay fever among predisposed
subjects. We did not find such evidence for selective avoid-
ance of pets during childhood, possibly because there was
little focus on allergen avoidance during the period when
our subjects were children (born 1945-1972). Further-
more, subjects who had gotten rid of a childhood pet
because of symptoms would still report having had the pet.
In agreement with other studies,!0-13 allergic disease in
siblings or parents was not an important determinant for
pet-keeping in childhood compared with the strong effects
of sociocultural factors (Table III).

With regard to adult pet-keeping, however, the results
must be interpreted with caution, because there were indi-
cations of complex selection phenomena (Table VI). Cats
were more strongly related to adult asthma in sensitized
subjects who had kept cats only in childhood, possibly
indicating that those who got symptoms from their child-

hood cat avoided keeping cats when adults. (Alternately,
subjects who stopped keeping a cat might have lost their
tolerance and developed more symptoms related to com-
munity exposure.) Adult cat keeping was not associated
with wheeze, not even among the cat sensitized, possibly
because of selective avoidance. Childhood dog owners
seemed to keep dogs when adults despite respiratory
symptoms, compatible with investigations showing that
people are reluctant to get rid of their dog even when it
causes symptoms.3> Less respiratory symptoms in those
who kept a bird only as adults might indicate that adult
subjects with asthma avoided getting birds unless they
had kept them in childhood (a protective effect from keep-
ing birds during adult life seems unlikely).

Recall bias is another problem, but a pet is an impor-
tant feature of childhood that people are likely to remem-
ber accurately. The cross-sectional design of the study is
a weakness, because our measure of exposure is very
crude, whereas the biologic influence of pet contact is
expected to be specific with regard to time and dose of
exposure. Our analyses can therefore not reveal very dis-
tinct patterns and might underestimate true associations.

The inheritable susceptibility to asthma and allergy is
well known, but direct genetic markers are not available.
In this study, the presence of atopic sensitization was used
as a measure of allergic predisposition, thereby character-
izing the subject’s own immunologic constitution based
on confirmed production of specific IgE. This measure is
not influenced by information bias and is feasible in clin-
ical consulting if further research supports this approach.



J ALLERGY CLIN IMMUNOL
VOLUME 112, NUMBER 2

Svanes et al 297

TABLE VI. Age of pet-keeping as related to adult respiratory symptoms, asthma medication, and hay fever in 9088
nonatopic subjecs and 4374 atopic subjects with complete information

Wheeze, Wheeze
Wheeze breathlessness without cold Asthma medication Hay fever
Nonatopic  Atopic  Nonatopic Atopic Nonatopic Atopic Nonatopic Atopic Nonatopic Atopic
subjects subjects subjects subjects subjects subjects subjects subjects subjects subjects
OR OR OR OR OR OR OR OR OR OR
(95% CI)*  (95% CI)* (95% CI)* (95% CI)* (95% CI)* (95% CI)* (95% CI)* (95% CI)*  (95% CI)*  (95% CI)*
Cat, child, 1.11 1.14 1.13 1.15 1.06 0.94 0.92 0.95 1.07 1.05
and adult (0.93-1.33) (0.91-1.42) (0.89-1.43) (0.89-1.49) (0.84-1.33) (0.73-1.21) (0.60-1.64) (0.65-1.37) (0.89-1.30) (0.85-1.31)
Cat, only 1.06 143 1.09 1.36 0.87 1.26 0.91 1.34 1.07 1.04
childhood (0.92-1.21) (1.22-1.67) (0.91-1.31) (1.12-1.64) (0.73-1.04) (1.06-1.51) (0.56-1.46) (1.02-1.77) (0.92-1.23) (0.89-1.21)
Cat, only 1.08 1.26 1.16 1.20 1.13 1.24 0.79 0.83 1.11 1.13
adulthood (0.86-1.35) (0.97-1.63) (0.86-1.56) (0.87-1.64) (0.86-1.49) (0.93-1.66) (0.35-1.81) (0.51-1.37) (0.87-1.41) (0.88-1.46)
Dog, child 1.69 1.07 1.64 1.03 1.80 1.20 1.85 1.10 1.06 0.95
and adult (1.40-2.04) (0.85-1.35) (1.29-2.09) (0.79-1.35) (1.42-2.27) (0.93-1.55) (1.01-3.41) (0.75-1.60) (0.86-1.31) (0.75-1.19)
Dog, only 1.26 1.00 1.19 1.06 1.37 1.02 1.34 1.02 0.98 0.84
childhood (1.10-1.44) (0.85-1.17) (0.99-1.43) (0.87-1.28) (1.15-1.63) (0.85-1.22) (0.82-2.19) (0.77-1.36) (0.85-1.14) (0.72-0.98)
Dog, only 1.24 0.95 1.04 1.15 1.29 1.00 1.65 1.33 0.95 1.10
adulthood (0.98-1.59) (0.71-1.26) (0.73-1.47) (0.83-1.60) (0.95-1.76) (0.73-1.38) (0.76-3.57) (0.84-2.10) (0.73-1.24) (0.84-1.46)
Bird, child 1.15 1.15 1.12 1.19 1.07 1.26 0.95 1.02 1.08 1.00
and adult (0.91-1.45) (0.88-1.51) (0.83-1.51) (0.87-1.63) (0.80-1.43) (0.93-1.70) (0.41-2.23) (0.62-1.69) (0.84-1.40) (0.77-1.30)
Bird, only 1.09 1.17 1.11 1.13 1.02 1.10 1.02 1.13 1.08 0.93
childhood (0.96-1.24) (1.01-1.36) (0.94-1.32) (0.95-1.34) (0.87-1.20) (0.93-1.30) (0.66-1.56) (0.87-1.46) (0.95-1.24) (0.81-1.08)
Bird, only 0.81 0.77 0.60 0.55 0.72 0.78 1.02 0.94 1.05 1.12
adulthood (0.60-1.10) (0.53-1.12) (0.37-0.96) (0.33-0.91) (0.48-1.08) (0.51-1.20) (0.35-2.92) (0.50-1.79) (0.77-1.44) (0.80-1.58)

Boldfaced odds ratios refer to associations with P < .05.
OR, Odds ratio.

*Qdds ratios with 95% ClIs as estimated by logistic regression adjusting for parental allergy, siblings allergy, parental smoking, number of siblings, age, sex,
current smoking, current occupation, and study center. Reference groups: no cat/no dog/no bird.

Cats: Symptoms, sensitization, and tolerance

Several studies indicate that keeping a cat during
childhood might confer protection against becoming sen-
sitized to cats5:6.9:36.37 and to other common aeroaller-
gens,3 particularly among predisposed subjects.3:5.36
High-dose cat exposure might induce tolerance in some
individuals23.24 through production of IgG4 rather than
IgE, stimulated by the T2 cytokine IL-4.24 We found
that in subjects who did not become sensitized (ie, who
developed tolerance), keeping cats during childhood did
not make any difference with regard to later respiratory
symptoms. When sensitization did occur in those who
kept cats during childhood, the risk of adult asthma was
increased. A stronger effect among the sensitized was
also found in a study of adults38 relating current cat aller-
gen level with respiratory symptoms. In 1 study of chil-
dren, exposure to cats increased the risk of wheeze in the
children of asthmatic mothers but reduced the risk in the
children of mothers without asthma.ll However, a net
protective effect was found in the total cohort,!? and a
protective effect of cats was also found in another cohort
of high-risk children.® The discrepancy between these
studies of children and our findings in adults could be
related to the difference in age span but also to differ-
ences in community level of allergen exposure. Increased
asthma risk in sensitized subjects who had kept cats in

childhood was restricted to subjects who grew up in areas
in which the public exposure to cat was limited. In areas
in which >60% of the study subjects kept cats, there was
no increase in asthma risk among those who had kept a
cat during childhood, and there was even an indication of
a protective effect. Our study included only a small num-
ber of areas with very high community prevalence of
pets, thus we could not determine with certainty whether
the OR of childhood cats and adult asthma with further
increasing community prevalence of childhood cats tend-
ed toward 1 or 0. An OR of 1 would mean that pet-keep-
ing at home did not add to the risk related to high expo-
sure in the community, whereas an association tending
toward O (as indicated by Fig 1, B) would mean that high
exposure at home offered relative tolerance toward high
public exposure.

Dogs: Antiallergic but pro-inflammatory?

Dogs kept in childhood, previously shown to protect
against allergic sensitization,3 also seemed to protect
against adult hay fever in the sensitized population. Pro-
tective effects of dogs with regard to atopic sensitization
are similarly reported in several studies of chil-
dren,712.1339 particularly in high-risk children.”-12 How-
ever, among the nonatopic subjects of our study, dog own-
ership was associated with a substantial increase in risk
for adult respiratory symptoms. There was evidence of a
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cumulative effect with a 70% increase in wheeze related
to dog keeping in both childhood and adulthood. These
findings were highly significant, consistent across 36 dif-
ferent populations, and robust to different methods of
analysis. The association was similar in never-smokers,
and was thus not caused by uncontrolled confounding by
smoking. There are no comparable studies of adults. Naf-
stad et al’” showed more bronchial hyperresponsiveness
related to dog keeping in infants, but other studies of chil-
dren show protective effects of dogs on wheeze also in
subjects without allergic predisposition.!3:39

Microbial challenge could possibly explain the protec-
tive effects of dogs on allergic sensitization and on aller-
gic symptoms in sensitized subjects, as well as the
demonstrated adverse effects of dogs on adult asthma.
Dogs often have close physical contact with people,
especially with very small children, nuzzling them in the
face and licking their hands. The dog’s fur might carry
microbes from soil. Dogs, as opposed to cats, might thus
provide a wide microbial exposure early in life that might
possibly promote a nonallergic immunologic maturation
during this sensitive age window. However, in nonsensi-
tized subjects who do not need this additional microbial
stimulation because they already have a competent non-
allergic immune system, the harmful consequences of
microbial challenge might be dominant. Both harmful
and protective effects of dogs could be mediated through
the bacterial product endotoxin, which is found in
increased levels in homes with dogs.40 The pro-inflam-
matory effects of these substances and the related
increase in respiratory symptoms are well known,25
whereas exposure during the early stages of immune
priming seem to confer protection against allergy.41:42 A
recent study showed less atopic but more nonatopic asth-
ma related to increasing levels of endotoxin.4! However,
in another study, the protective effect of exposure to dogs
was independent of endotoxins,!2 suggesting a role for
other mediators. The microbial closeness of the dog with
human beings26:27 could also increase the possibility for
lower airways infections predisposing to asthma.43:44
Harmful effects of pro-inflammatory substances and
infections from dogs are likely to increase with age. An
age-dependent balance of beneficial and harmful effects
of dogs could explain the cumulative effect of dog expo-
sure in this study and the different results in children and
adults. This view is supported by a meta-analysis show-
ing protective effects of pets in studies of younger chil-
dren but harmful effects in studies of older children.!

Birds: Nonspecific pro-inflammatory?

Bird keeping in childhood was found to increase the
risk for adult respiratory symptoms independent of aller-
gic disposition. Adult occupational exposure to poultry is
known to increase respiratory symptoms.4546 Rees et al40
showed that this was unrelated to sensitization, which is
in accordance with our study of childhood exposure to pet
birds. Melsom et all4 showed increased asthma in chil-
dren living in households with poultry kept indoors. A
direct toxic or airways irritant effect from ammonia or

J ALLERGY CLIN IMMUNOL
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other substances in bird manure is a possible explanation.
Childhood exposure could cause adult symptoms by an
impact during critical stages of lung development.

CONCLUSION

This study showed complex associations of childhood
pets and adult asthma and hay fever. Childhood exposure
to cats, previously shown to protect against allergic sensi-
tization, had no influence on adult asthma in those who
did not become sensitized but was related to increased
risk for adult asthma among the sensitized. However,
when the community exposure to cats was high during
childhood, keeping a cat at home represented no addi-
tional asthma risk. Whether in this case cat keeping could
offer protection against adult asthma, indicating tolerance
toward allergic symptoms in already sensitized subjects,
needs further investigation. Dogs kept in childhood, pre-
viously shown to protect against allergic sensitization,
seemed to also protect against hay fever symptoms in
atopic subjects. However, for those who were not atopic a
dog kept in childhood or during adult life was associated
with a considerably increased risk of adult respiratory
symptoms. Dogs might possibly stimulate a nonallergic
immunologic maturation, but at the same time promote
nonallergic asthma through alternative inflammatory
mechanisms or transmission of infections. The choice of
keeping dogs in families with children might thus have
substantial long-term consequences for allergic disease,
and further research is needed. There were clear differ-
ences related to atopic status, a feasible and potentially
useful marker of immunologic constitution. These results
should be a step toward individual clinical advice about
pet-keeping on the basis of phenotype.

We thank the Norwegian Asthma and Allergy Foundation for
their support and help with the study.
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