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IMPORTANCE The association between early exposure to animals and childhood asthma jamapediatrics.com
is not clear, and previous studies have yielded contradictory results.

OBJECTIVE To determine whether exposure to dogs and farm animals confers a risk
of asthma.

DESIGN, SETTING AND PARTICIPANTS In a nationwide cohort study, the association between
early exposure to dogs and farm animals and the risk of asthma was evaluated and included
all children born in Sweden from January 1, 2001, to December 31, 2010 (N = 1 011 051), using
registry data on dog and farm registration, asthma medication, diagnosis, and confounders
for parents and their children. The association was assessed as the odds ratio (OR) for a
current diagnosis of asthma at age 6 years for school-aged children and as the hazard ratio
(HR) for incident asthma at ages 1to 5 years for preschool-aged children. Data were analyzed
from January 1, 2007, to September 30, 2012.

EXPOSURES Living with a dog or farm animal.
MAIN OUTCOMES AND MEASURES Childhood asthma diagnosis and medication used.

RESULTS Of the 1 011 051 children born during the study period, 376 638 preschool-aged
(53 460 [14.2%] exposed to dogs and 1729 [0.5%] exposed to farm animals) and 276 298
school-aged children (22 629 [8.2%] exposed to dogs and 958 [0.3%] exposed to farm
animals) were included in the analyses. Of these, 18 799 children (5.0%) in the
preschool-aged children's cohort experienced an asthmatic event before baseline, and 28 511
cases of asthma and 906 071 years at risk were recorded during follow-up (incidence rate, 3.1
cases per 1000 years at risk). In the school-aged children’s cohort, 11 585 children (4.2%)
experienced an asthmatic event during the seventh year of life. Dog exposure during the first
year of life was associated with a decreased risk of asthma in school-aged children (OR, 0.87;
95% Cl, 0.81-0.93) and in preschool-aged children 3 years or older (HR, 0.90; 95% Cl,
0.83-0.99) but not in children younger than 3 years (HR, 1.03; 95% Cl, 1.00-1.07). Results
were comparable when analyzing only first-born children. Farm animal exposure was
associated with a reduced risk of asthma in both school-aged children and preschool-aged
children (OR, 0.48; 95% Cl, 0.31-0.76, and HR, 0.69; 95% Cl, 0.56-0.84), respectively.

CONCLUSIONS AND RELEVANCE In this study, the data support the hypothesis that exposure
to dogs and farm animals during the first year of life reduces the risk of asthma in children at
age 6 years. This information might be helpful in decision making for families and physicians
on the appropriateness and timing of early animal exposure.
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hildhood asthma is a global health concern, with an in-

creasing incidence during the last decades of the 20th

century. Approximately 4% to 9% of 6- to 12-year-old
children in Scandinavian countries receive a diagnosis of
asthma from a physician.! Proposed environmental factors as-
sociated with either increased or decreased risks of asthma in-
clude tobacco smoke exposure, domestic cat and dog con-
tact, family size, birth order, microbial exposures, mode of
delivery, and socioeconomic factors.?

Despite earlier efforts, the association between early expo-
sure to animals and subsequent risk for asthma and allergic dis-
ease s still unclear. The reported associations, based on smaller
case-control studies, birth cohorts, and meta-analyses of such
studies, tend to vary with exposure measurement and timing,
age structure of the study population, and the specific out-
come definitions. Systematic reviews and meta-analyses have
been contradictory.>-® Several studies suggest that early child-
hood exposure to pets is associated with an approximate 50%
reduced risk of asthma in school-aged children’ as well as in
children of high-risk families who may avoid pets,'° but con-
flicting results have also been reported.!'> More consistent are
findings of an inverse association between exposure to farm en-
vironment and childhood asthma; a meta-analysis'® sug-
gested a 25% lower asthma prevalence among children ex-
posed to a farm environment than among nonexposed children.

Similar mechanisms might underlie the associations link-
ing pet and farm environment exposure to childhood asthma.
Both children living in a farm environment and children with
dog contact are subjected to elevated amounts and diversity
of microorganisms and endotoxins; such exposures have the
potential to influence the risk of asthma as well as the burden
of infectious disease.!* Respiratory tract infections are often
associated with childhood asthma, yet, to our knowledge, their
association with dog exposure has not been evaluated.

The objective of this study was to assess the association
between dog and farm animal exposure with childhood asthma
in a nationwide, registry-based cohort study. We thoroughly
addressed potential confounders and explored respiratory tract
infections as secondary outcomes.

Methods

Study Population

This cohort study included all children born in Sweden from
January 1, 2001, through December 31, 2010 (N =1 011 051),
identified through linkage of the Swedish Register of the Total
Population and the Medical Birth Register (Figure). Use of the
personal identity number, a unique identifier assigned to all
Swedish residents, allowed record linkage across several na-
tionwide registers, including the Multi-generation Register and
the Longitudinal Integration Database for Health Insurance and
Labour Market Studies (LISA).

The regional ethical board in Stockholm, Sweden, ap-
proved this study and allowed the researchers to waive the re-
quirement for obtaining informed consent or parental permis-
sion. All data were deidentified by registry holders before
delivery to researchers.
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At aGlance

- Alarge, register-based study was undertaken to assess the
association of early exposure to dogs and farm animals with
childhood asthma.

« Dog exposure during the first year of life was associated with
a decreased risk of asthma in school-aged children (odds ratio
[OR], 0.87[95% Cl, 0.81-0.93]).

 Farm animal exposure was associated with a reduced risk of
asthma in both school-aged children and preschool-aged
children (OR, 0.48 [95% Cl, 0.31-0.76]; and hazard ratio,
0.69 [95% Cl, 0.56-0.84]), respectively.

« Results were consistent for first-born children, among parents
with and without asthma, and across different register-based
definitions of asthma.

We aimed to study the association between early dog ex-
posure and current asthma in 6-year-old children and inci-
dent asthma in preschool-aged children. We would have fol-
lowed the same cohort to evaluate both incident asthma in
early years and prevalent asthma in school-aged children; how-
ever, this was not possible owing to coverage of the Pre-
scribed Drug Register that started in July 2005. We therefore
evaluated these factors separately and divided the study popu-
lation into 2 cohorts: (1) children born between January 1, 2001,
and December 31, 2004 (school-aged children), and (2) chil-
dren born between July 1, 2005, and December 31, 2010 (pre-
school-aged children). We excluded children whose parents
moved to Sweden after the child was aged 15 years (who are
lesslikely to have accurate information on medical history, dog
ownership, and educational level) and those with incom-
plete information on parental identity or migration. If one par-
ent’s educational level was known, the other’s was imputed
to the value of the first parent. In a sensitivity analysis, we in-
cluded only first-born children with no paternal half-siblings
to address potential avoidance bias in families having older sib-
lings with asthma and reduce the risk of confounding owing
to the potential negative effect of older siblings on the devel-
opment of asthma. In the main analysis, when there was more
than 1 child with the same mother within a subcohort, we ran-
domly selected 1 of the siblings to avoid dependency be-
tween observations. Furthermore, we tested whether there
were differences in the proportion of children whose dog was
moved to another setting among children who had or had not
developed asthma at ages 1 and 5 years, respectively.

Outcome

For school-aged children, asthma was assessed only during
the seventh year of life, and among preschool-aged children
from age 1 year throughout the study period, excluding chil-
dren who fulfilled asthma criteria at younger than 1 year.
We explored 4 different outcome definitions: (1) an asthma
diagnosis obtained only from the National Patient Register
(NPR), (2) asthma medications noted in the Swedish
Prescribed Drug Register (SPDR), (3) having both the NPR
diagnosis and asthma medications noted in the SPDR, or
(4) having either one or both NPR diagnosis and asthma
medications noted in the SPDR. We refer to the latter defini-
tion hereafter if not otherwise specified.
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Nine Swedish national registries were used for the study and records were linked using the Personal Identity Number.

The NPR includes information on discharge diagnoses from
all inpatient visits and approximately 80% of all hospital-
based outpatient visits. The SPDR contains information on all
prescribed drugs dispensed at pharmacies in Sweden since July
2005. Thus, children born in July 2005 or later had complete
information from both the NPR and SPDR from birth. The NPR
data were available through December 31, 2011, and SPDR data
through September 30, 2012.

The diagnosis of asthma based on NPR data was derived
using International Classification of Diseases, Tenth Revision
(ICD-10) code J45. Based on the SPDR, asthma was defined as
a patient having one or both of (1) 2 or more dispensed pre-
scriptions of inhaled corticosteroids (Anatomical and Thera-
peutic Classification [ATC] code RO3BA), leukotriene recep-
tor antagonists (ATC code RO3DC), and/or fixed combinations
of B,-agonists and corticosteroids for inhalation (ATC code
RO3AK); and (2) 3 or more dispensed prescriptions for
[,-agonists for inhalation (RO3AC), inhaled corticosteroids,
leukotriene receptor antagonists, and/or a combination of
B3,-agonists and corticosteroids for inhalation within a year. For
preschool-aged children, we required a period of 2 or more
weeks between prescription dispensing for the first alterna-
tive given above since a combination of asthma medications
can be dispensed in a short time for young children who are
wheezing.'®

Exposure

Swedish dog owners have been required by law to register their
pet and its unique identification number (from a subcutane-
ous microchip or ear tattoo) to the Swedish Board of Agricul-
ture National Dog Register since 2001, along with informa-
tion on the owner’s personal identity number. A dog register
held by the Swedish Kennel Club, in which Swedish purebred
dogs are registered with their pedigrees since 1889, holds com-
plete ownership details, including the owner’s personal iden-
tity number, also since 2001. The proportion of registered dogs
was estimated to 83% (95% CI, 78%-87%) in a 2012 survey by
Statistics Sweden.'® We defined exposure to dogs as having a
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parent registered as a dog owner during the child’s whole first
year of life. Since information on the death date of the dog was
incomplete in both registers, a maximum age of 10 years for
the dog was assumed if no information on the deregistration
date was available, based on results from a recent survey in
which only 12.4% (95% CI, 8.2%-16.6%) of all dogs were re-
ported to be older than 10 years.'® Children whose parents were
identified in LISA as “animal producers and related workers,
SSYK6121” during the child’s first year were defined as being
exposed to farm animals. The SSYK6121 code is derived from
the Agriculture Business Register held by the National Board
of Agriculture, which is based on surveys of all owners to farm-
ing business operations. Most (78%) of the farm labor consti-
tutes the owner or the owner’s family.'” Cattle and sheep are
the most common animal types. In a second sensitivity analy-
sis assessing the effect of exposure timing, we used 3 differ-
ent definitions of dog exposure: (1) children who were ex-
posed to a dog during their first year of life but not their sixth
year, (2) children who were exposed both during the first and
sixth year of life, and (3) children living with a dog at any time
during the first 6 years.

Potential Confounders

Information on residence at birth (municipality), household
income, and parental educational level was extracted from
LISA. Household income was defined as disposable income the
year before the birth of the child and was adjusted for family
size and categorized into quintiles by calendar year. Parental
educational level was based on each parent’s highest educa-
tional level (compulsory school, upper secondary school, and
higher education). Data on parental birth country were ex-
tracted from the Swedish Register of the Total Population, and
parity was derived from the Medical Birth Register. Parental
identity was identified through the Multi-Generation Regis-
ter, and asthma in the parents was based on the same defini-
tion as for children, with the addition of asthma codes in In-
ternational Classification of Diseases, Ninth Revision and Eighth
Revision (code 493). Hence, parents were defined as having
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asthma if they had at least 1 diagnosis or medication criterion
fulfilled during the years of available data (from January 1,1987,
to December 31, 2010, for NPR data and from July 1, 2005, to
September 30, 2012, for SPDR data).

Secondary Outcomes

As secondary outcomes, we assessed diagnoses of (1) pneu-
monia (in ICD-10 code J12-J18) and (2) other lower respiratory
tract disease, including acute bronchitis (J20), acute bronchi-
olitis (J21), unspecified acute lower respiratory tract infec-
tion (J22), unspecified bronchitis (J40), and respiratory syn-
cytial virus (B97.4) among preschool-aged children.

Statistical Analysis

Data were analyzed from January 1, 2007, to September 30,
2012. We applied logistic regression analysis to estimate the
association between exposure to dogs and farm animals dur-
ing the first year of life and asthma during the seventh year of
life in the school-aged children’s cohort. Children were ex-
cluded from the analysis if they emigrated or died before age
7 years. In the preschool-aged cohort, we applied Cox propor-
tional hazard models to assess the association between expo-
sure to dogs and farm animals and asthma as well as pneumo-
nia and other lower respiratory tract diseases. Children were
censored at emigration, death, or the end of the study period
(December, 31, 2011, for NPR and September 30, 2012, for SPDR
data). Follow-up of the preschool-aged children started at age
1year, and events occurring before that were excluded. After
plotting the log hazards for exposed and nonexposed chil-
dren over time, we calculated age-dependent hazard ratios
(HRs) (before and from age 3 years) to accommodate a lack of
proportionality (eFigure 1in the Supplement).

We fitted unadjusted models and models adjusted for the
mother’s age, father’s age, parity, number of parents with
asthma, birth municipality, parental income, mother’s edu-
cational level, father’s educational level, other animals (dog
and farm animal; the model with the dog as an exposure was
adjusted for the farm animal and vice versa), mother’s birth
country, and father’s birth country. Residence at birth (birth
municipality) was modeled with random intercept in the lo-
gistic regression and as a frailty effect in the Cox proportional
hazards regression model. We selected covariates based on a
hypothetical causal diagram (eFigure 2 in the Supplement). We
further stratified the analysis by parental asthma status. Chil-
dren of parents registered as dog owners only for a part of the
child’s first year were excluded from the cohort. We used the
X° test to assess differences in the proportion of dogs moving
to different settings between children with and without
asthma. All statistical calculations were performed with Stata,
version MP 13.1 (StataCorp).

. |
Results

School-aged Children

Of the 1 011 051 children born during the study period, there
were 276 298 individuals in the school-aged children’s
cohort (eFigure 3 in the Supplement), including 11 585 chil-
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dren (4.2%) with an asthma event during the seventh year of
life included in the meta-analysis. In total, 22 629 children
(8.2%) were exposed to dogs and 958 individuals (0.3%)
were exposed to farm animals (Table 1). Dog exposure during
the first year of life was associated with a decreased risk of
asthma in school-aged children (OR, 0.92; 95% CI, 0.86-
0.99), and adjustment for potential confounders generated a
similar estimate (OR, 0.87; 95% CI, 0.81-0.93). This inverse
association was present among children with as well as
those without parents with asthma (Table 2). The results
remained unchanged when the time window of dog expo-
sure was extended to include exposure anytime during the
first 6 years of life and for dog exposure both during the first
and sixth year of life (eTable 1 in the Supplement) as well as
for alternative asthma definitions (eTable 2 in the Supple-
ment). Furthermore, the sensitivity analysis restricted to
first-born children showed similar results (eTable 3 in the
Supplement).

Exposure to farm animals was associated with a notably
reduced risk for asthma in school-aged children (OR, 0.47; 95%
CI, 0.30-0.74). Adjustment for potential confounders left the
estimates essentially unchanged, and parental asthma did not
modify the association (Table 2).

Preschool-aged Children

There were 376 638 children in the preschool-aged children’s
cohort (eFigure 4 in the Supplement) (53 460 [14.1%] ex-
posed to dogs and 1729 [0.5%] exposed to farm animals), of
whom 18 799 children (5.0%) experienced an asthmatic event
before baseline. For these children we recorded 906 071 years
atrisk and 28 511 cases of asthma (incidence rate, 3.1 cases per
1000 years at risk) (Table 3).

After adjustment for potential confounders, there was no
association between dog exposure and asthma among chil-
dren younger than 3 years (HR, 1.03; 95% CI, 1.00-1.07), but a
statistically significant risk reduction was observed for older
preschool-aged children (HR, 0.90; 95% CI, 0.83-0.99)
(Table 3). We found a lower risk of childhood asthma among
children exposed to farm animals compared with those not ex-
posed (HR, 0.69; 95% CI, 0.56-0.84). Parental asthma did not
modify the effect of exposure to dogs or farm animals on the
risk of asthma in preschool-aged children. The use of alterna-
tive asthma definitions did not alter the results (eTable 4 in the
Supplement). We found that, among children who developed
asthma before age 1 year (not included in the main analysis),
the proportion of dogs that moved to different settings was
larger than in children who did not have asthma before age 1
year (P = .004) (Table 4). The sensitivity analysis restricted to
first-born children showed similar results (eTable 5 in the
Supplement).

Respiratory Tract Disease Outcomes

We found an increased risk of pneumonia (HR, 1.13; 95% CI,
1.06-1.20) and other lower respiratory tract diseases (HR, 1.06;
95% CI, 1.00-1.13) among preschool-aged children exposed to
dogs. There was no association between exposure to farm ani-
mals and lower respiratory tract diseases (eTable 6 in the
Supplement).
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Table 1. Final Data Sets Stratified on Exposure to Farm Animals and Dog

Children Born, No. (%)

2001-2004 July 2005-2010
Nonexposed Dog Exposed Farm Animal Nonexposed Dog Exposed Farm Animal
(n=252956 (n=22629 Exposed (n=322178 (n=53460 Exposed
Characteristic [91.6%]) [8.2%]) (n=958[0.3%]) [85.6%]) [14.1%]) (n =1729[0.5%])
Parental age at birth,
mean (SD), y
Father 33.1(5.9) 32.6 (5.9) 34.8 (6.8) 33.6 (6.0) 32.7 (6.2) 34.3(6.9)
Mother 30.6 (5.0) 30.1 (5.0) 31.1(5.6) 31.1(5.2) 30.0 (5.3) 30.8 (5.5)
Household income
quintile®?
1 50085 (19.8) 4667 (20.6) 459 (47.9) 61473 (19.1) 11411 (21.3) 641 (37.1)
2 50278 (19.9) 4739 (20.9) 163 (17.0) 61103 (19.0) 12335 (23.1) 430 (24.9)
3 50347 (19.9) 4727 (20.9) 169 (17.6) 64288 (20.0) 11605 (21.7) 297 (17.2)
4 50220 (19.9) 4886 (21.6) 115 (12.0) 66233 (20.6) 10560 (19.8) 219 (12.7)
5 51653 (20.4) 3604 (15.9) 52 (5.4) 69081 (21.4) 7549 (14.1) 142 (8.2)
Highest educational level®
Compulsory school
Father 28246 (11.2) 2997 (13.2) 173 (18.1) 32719 (10.2) 7527 (14.1) 240 (13.9)
Mother 23814 (9.4) 2544 (11.2) 116 (12.1) 27099 (8.4) 6370 (11.9) 162 (9.4)
Upper secondary school
Father 133057 (52.6) 14450 (63.9) 710 (73.3) 152727 (47.4) 32820 (61.4) 1240 (71.7)
Mother 121550 (48.1) 12911 (57.1) 630 (65.8) 125575 (39.0) 27755 (51.9) 1083 (62.6)
University
Father 91618 (36.2) 5179 (22.9) 83 (8.7) 136732 (42.4) 13113 (24.5) 249 (14.4)
Mother 107 515 (42.5) 7170 (31.7) 212 (22.1) 169504 (52.6) 19335 (36.2) 484 (28.0)
Non-Swedish ethnicity:
Nordic country
Father 4270 (1.7) 413 (1.8) 13 (1.4) 4562 (1.4) 802 (1.5) 16 (0.9)
Mother 4266 (1.7) 342 (1.5) 10 (1.0) 4566 (1.4) 695 (1.3) 17 (1.0)
Non-Nordic country
Father 19820 (7.8) 706 (3.1) 11 (11.1) 34982 (10.9) 2549 (4.8) 40 (2.3)
Mother 18823 (7.4) 614 (2.7) 30 (3.1) 35334 (11) 2273 (4) 64 (4)
Farming parent
Yes NA 245 (1.1) 958 (100) NA 729 (1.4) 1729 (100)
Asthma in parents
1 38517 (15.2) 3455 (15.3) 117 (12.2) 45526 (14.1) 8029 (15.0) 236 (13.6)
2 1857 (0.7) 189 (0.8) 6 (0.6) 2078 (0.6) 401 (0.8) 7 (0.4)
Parity
1 117 605 (46.5 11320 (50.0) 343 (35.8) 152735 (47.4) 27249 (51.0) 738 (42.7)
2 89428 (35.4) 6656 (29.4) 315 (32.9) 116 045 (36.0) 15867 (29.7) 529 (30.6)
3 34015 (13.4) 3124 (13.8) 191 (19.9) 41458 (12.9) 6941 (13.0) 311 (18.0)
24 11908 (4.7) 1529 (6.8) 109 (11.4) 11940 (3.7) 3403 (6.3) 151 (8.7)

2 Level Tindicates the lowest household income quintile.
b Up to 0.15% were missing values for income and educational level.

|
Discussion

In this large, nationwide, registry-based cohort study, we pro-
vide evidence that children exposed to dogs and/or farm animals
during their first year of life are at a reduced risk of childhood
asthma at age 6 years. The results were robust and independent
of parental asthma or whether the child was first-born.

Comparisons With Previous Studies

Dog Exposure and Asthma

Previous studies on the association between early exposure to
dogs and childhood asthma have shown contradictory results.

jamapediatrics.com

Two systematic reviews™® based on published cross-sectional,
case-control, and cohort studies found pet keeping to be asso-
ciated with a slightly increased risk of asthma. However, a sys-
tematic review!® of some urban prospective cohorts showed a
reducedriskin dog-exposed children and other prospective stud-
ies have reported no association or a reduced risk of asthma and
allergy among children in families of dog owners.®'%'° The
heterogeneity in the previous results could be because of differ-
ences in study design, study population, age at outcome mea-
surement, and covariates included as potential confounders. In
an attempt to resolve some of these issues, a meta-analysis® of
12 cohorts with a total of 17 499 (8.2% dog owners) children in-
dicated an inverse, although not statistically significant, asso-
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Table 2. Association of Exposure to Dog and Farm Animals During the First Year of Life and Asthma Diagnosis at Age 6

6/8

Exposure
Model Dog Farm Animal No. (%)
Strata OR (95% Cl) P Value OR (95% Cl) P Value Asthma No Asthma
All 0.92 (0.86-0.99) .02 0.47 (0.30-0.74) .001

0.87 (0.81-0.93)? <.001 0.48 (0.31-0.76)? .002 11585 (4.2) 264696 (35.8)
No parental asthma 0.96 (0.88-1.05) .35 0.47 (0.27-0.81) .007

0.90 (0.83-0.98)* .02 0.46 (0.26-0.79)? .005 LB () o TRNEIH)
Parental asthma 0.83 (0.73-0.94) .005 0.54 (0.24-1.24) .15

0.80 (0.70-0.91)? <.001 0.55 (0.24-1.25)? .15 3892 (8.8) 40217 (51.2)

Abbreviation: OR, odds ratio.

2@ Adjusted for mother's age, father's age, parity, birth municipality, number of parents with asthma (O, 1, or 2), other animal (farm or dog): the model with the dog as
an exposure was adjusted for a farm animal and vice versa, income quintile, mother’s educational level, father's educational level, mothers birth country, and

father's birth country.

Table 3. Association of Exposure to Dog and Farm Animals During the First Year of Life and Time to Asthma Diagnosis in Preschool-Aged Children

Dog Exposure, Asthma Onset Age, y

Model <3 23 Farm Animal Exposure No. (%) :;T(iesk,
Strata HR (95% CI) P Value HR (95% CI) P Value HR (95% Cl) P Value Events Total y
All 1.08 (1.04-1.12) <.001 0.94 (0.86-1.03) .18 0.67 (0.55-0.83) <.001

1.03 (1.00-1.07)* .09 0.90 (0.83-0.99)* .03 0.69 (0.56-0.84)* <.001 RG] (LD
No parental 1.08 (1.04-1.13) <.001 0.95 (0.86-1.06) .38 0.69 (0.54-0.87) .002
st 1.04 (1.00-1.09)* .05 0.93 (0.83-1.03)" .15 0.69 (0.55-0.88)  .003 21072(6:8) 306397 (100) 782129
Parental 1.03 (0.97-1.11) .34 0.87 (0.73-1.04) 12 0.65 (0.43-0.98) .
asthma 0.65 (0.43-1.00° .05 7439 (14.4) 51442 (100) 123942

1.00 (0.93-1.07)* .97 0.84 (0.71-1.01)* .06

Abbreviation: HR, hazard ratio.

2 Adjusted for mother’s age, father's age, parity, birth municipality, number of parents with asthma (O, 1, or 2), other animal (farm or dog), income quintile, mother’s
educational level, father's educational level, mother’s birth country, and father’s birth country; the baseline was the child's first birthday.

ciation between early exposure to dogs and subsequent diagno-
sis of asthma at age 6 to 10 years (OR, 0.77; 95% CI, 0.58-1.03).
Thus, by using registry-based defined exposure and outcome,
as well as benefitting from a 10-fold larger sample size, the pre-
sent study could confirm the results of the meta-analysis.
Similar to findings in a previous Swedish study,° the pro-
portions of dog owners among parents with and without asthma
were comparable in our study, relieving concerns about selec-
tion of dog ownership based on parental asthma. We found that,
in families whose children developed asthma, the proportion who
sold their dog was larger than among families whose children had
not developed asthma. In an attempt to account for the possi-
bility that families with asthma in older siblings avoid dogs, we
also reanalyzed the data including only first-born children and
noted comparable results. The reduced risk of dog exposure on
childhood asthma was found in children with as well as those
without parental asthma; although the risk was more prominent
in parental asthma, there was no statistically significant differ-
ence between the strata. Our findings are in accordance with the
hygiene hypothesis, which links a favorable maturation of the
immune system with exposure to microbes in childhood.??2 It
hasbeen shown that dog exposure is associated with altered bac-
terial flora in house dust?® and that mice exposed to such dust
have alterations in their gut flora composition, as well as fewer
allergic reactions.?* We did not find an association between dog
exposure and asthma in children younger than 3 years. Incident
asthma in preschool-aged children is a mixture of asthma phe-
notypes that are often induced by airway infections and will later

JAMA Pediatrics Published online November 2, 2015

become either remittent or persistent disease. In school-aged chil-
dren, prevalent asthma is more likely to be persistent and more
commonly associated with allergy. In a secondary analysis, we
found that preschool-aged children exposed to dogs were at an
increased risk of pneumonia and other respiratory tract diseases.
Several case reports have reported that immunocompromised
humans may acquire respiratory tract diseases from their dogs
with agents such as Bordetella bronchiseptica,>> Pasteurella
multocida,?® or Mycobacterium bovis,?” and the increased risk in
dog-exposed children in our study could be caused by infections
with zoonotic agents. If the association between dog exposure
and respiratory tract infections is causal, it may also be part of
the explanation of the difference across age in the association of
dog exposure and asthma in preschool-aged children because
early wheezing correlated with viral infections may be diagnosed
as asthma. Childhood asthma is a heterogeneous disorder; al-
though many preschool-aged children who have wheezing do
not have asthma at later ages, wheezing that persists beyond the
third year often continues into adulthood.?® We speculate that
dog exposure may increase an infant’s overall exposure to mi-
croorganisms and allergens, some of which increase the risk for
respiratory tract infections and others that modulate the immune
system in such a way that decreases the risk of allergy-related
asthma in school-aged children.

Farm Exposure and Asthma
Our data confirm earlier findings of a strong inverse associa-

tion between exposure to a farming environment and the

jamapediatrics.com
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Table 4. Proportion of Dogs That Were Transferred to Another Owner
in Children With and Without Asthma

No. (%)
Sold Dog Sold Dog
Birth Year atAge<ly atAge <5y
2001-2004
No asthmaat6y (n = 24823) 868 (3.5) 2348 (9.5)
Asthmaat 6y (n = 1035) 35(3.4) 116 (11.2)

P value® .81 .06
July 2005-2010

No asthma (n = 36 866) 1147 (3.1) 2713 (7.4)

Asthmaat>1y(n =3170) 111 (3.5) 263 (8.3)

P value® .23 .054

No asthma at <1y (n = 40 036) 1258 (3.1) NA

Asthmaat <1y (n = 2052) 88 (4.3) NA

P value® .004

Abbreviation: NA, not applicable.

2 Pvalues determined using x2 analysis.

risk of childhood asthma. A meta-analysis'® based on data
from 39 studies on farming and childhood asthma showed a
25% risk reduction among the exposed children, although
with large heterogeneity between studies. Differential effect
estimates have been shown?-3° for different farm types,
indicating a decreased risk of asthma and allergic disease in
children exposed to raw farm milk. In the present study,
however, we could not disentangle dairy and nondairy
farms, although nearly all farms report that they have
bovines. Most farms are run as family businesses, but there
is some misclassification in our definition of “farm animal
exposure” for children whose parents work on farms not
located close to their home, which would probably yield an
underestimation of the farm effect. The low proportion of
animal farmers in the present study is expected when com-
pared with national reports indicating that 1.9% of the total
Swedish population in 2013 are employed in farming, and
that 53.8% of these farmers specialize in crops.

Several researchers have suggested that the decreased risk
of asthma observed in some studies of farmer’s children may
reflect a “healthy farmer effect;”>' which implies that persons
with asthma or atopy symptoms may self-select out of farm-
ing. However, in the present study and in other previous
studies,* the results have been consistent when adjusted for
parental asthma in multivariable models.

Strengths and Limitations

To our knowledge, this prospectively designed study is, to
date, the largest, allowing for stratification on parental
asthma. We also had access to prospectively collected infor-
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mation on a rich set of possible confounders. The registry-
based asthma outcomes were objectively assessed and have
previously been validated and found to be specific.’®> We
identified robust estimates across different definitions of
asthma and dog exposure. Thanks to the population-based
design, our results are generalizable to the Swedish popula-
tion and probably also to other European populations with
similar culture regarding pet ownership and farming.

Our study has a few potential limitations. First, this
registry-based investigation did not contain details on
asthma phenotype or information on allergic sensitization.
Hence, we could not stratify analyses on parental allergy.
Regardless of phenotype, however, the results indicate a
nonnegligible influence of animal exposure on the incidence
of asthma. Second, dog registers include only approximately
80% of the total dog population in Sweden. General under-
reporting would, however, yield just a conservative estimate
of the true association if the underreporting is not differen-
tial with regard to asthma and conditional on the covariates.
However, less reporting of dog ownership in the lower socio-
economic groups with higher asthma prevalence®? could
lead to an overestimation of the inverse association if the
adjustment for socioeconomic factors is insufficient. How-
ever, if anything, stronger associations were observed in the
fully adjusted models, relieving such concerns. Moreover,
we could not account for exposure to animals outside the
home or visiting dogs. Third, the information on the dog’s
death date was incomplete, which may have introduced
nondifferential misclassification, assuming that asthma
among children of dog owners should not be associated with
death of the dog, with dilution of effect estimates as a result.
Fourth, the inpatient records did not have nationwide cover-
age until 1987, and the outpatient records have a coverage of
more than 80%.3® Thus, some cases of parental asthma may
have been missed. Analyses using both the NPR and/or the
SPDR rendered similar results, which largely alleviates con-
cerns regarding this type of missing data. Finally, given the
available health registers, we could study school-aged chil-
dren only during their seventh year of age, leaving children
at older ages unevaluated.

. |
Conclusions

For what we believe to be the first time in a nationwide set-
ting, we provide evidence of areduced risk of childhood asthma
in 6-year-old children exposed to dogs and farm animals. This
information might be helpful in decision making for families
and physicians on the appropriateness and timing of early
animal exposure.
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