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Background. The literature is contradictory concerning pet exposure and the risk of development of asthma and other allergic
diseases. Using longitudinal studies, we aimed to systematically review the impact of pet ownership in the critical perinatal period
as a risk factor for allergies in childhood. Methods. Medline database was searched for urban cohort studies with perinatal exposure
to cats and/or dogs and subsequent asthma or allergic disease. Results. Nine articles, comprising 6498 participants, met inclusion
criteria. Six found a reduction in allergic disease associated with perinatal exposure to dogs or, cats or dogs. One study found no
association. Two found increased risk only in high-risk groups. Conclusion. Longitudinal studies in urban populations suggest that
perinatal pets, especially dogs, may reduce the development of allergic disease in those without a family history of allergy. Other
unmeasured factors such as pet-keeping choices in allergic families may be confounding the association seen in these high-risk

families, and further study is required.

1. Background

Allergic disease appears to be on the rise worldwide, and
although an allergic family history is one of the strongest risk
factors for childhood allergy [1], large international studies
[2—4] which highlight geographical differences in allergy
prevalence, strongly suggest that environmental influences
also play a causal role. Although pets are known to aggravate
asthma, allergic rhinitis, and eczema in sensitized individuals
[5] controversy remains about whether early life pet exposure
is a risk factor or a protective factor in their development.
Current guidelines issued in Australia [6], the United States
[7], and the United Kingdom [8], and by the Global Initiative

for Asthma [9] all agree there is currently insufficient evi-
dence to provide any recommendations in relation to pet-
keeping in early life and the development of asthma and
allergic disease because systematic reviews [10-13] and a
meta-analysis [14] have reached different conclusions. Early
reviews [10] found pet-keeping increased the risk of sensi-
tization [10] and allergic disease [10, 12] with later reviews
[11, 13] finding no effect. A recent meta-analysis [14] report-
ed less risk of childhood asthma associated with cats, but
increased risk with dogs.

These disparate findings may be partly explained by in-
clusion of articles with different study designs. To date, there
are no randomized controlled trials (RCTs) on the effect of
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pet exposure on allergic disease outcomes. In the absence of
RCTs, the most valuable evidence is provided by longitudinal
studies with a wealth of baseline data and frequent followups
which enable assessment of pet exposure prior to the out-
come of allergic disease. Despite this, all the current reviews
have included at least two study designs (case control
and cohort) [14] with the remainder also including cross-
sectional studies [10-12].

Differences in the timing of exposures between studies
may also provide a reason for varied results. It has been
proposed that there are important windows of immune
development [15] in which environmental exposures can
either increase or decrease the risk of subsequent allergic
disease development [16]. The perinatal period encompass-
ing 20 weeks prior to birth until 4 weeks after is a critical
time in developmental maturation of the immune system
[17]. There is good evidence that the developing immune
system in the fetus is susceptible to environmental influences
and that immune development in utero is epigenetically
regulated [17] with maternal exposures influencing the
child’s propensity for allergic disease [18, 19]. To date no
reviews have limited assessment of pet keeping exposure at
the critical perinatal period which may have a differential
effect on risk than pet exposure at other periods of life. Lastly,
another source of difference between studies is the varied
study settings especially urban versus rural environment. A
key relevant difference is the way in which pets are kept
and the interaction between pets and other animals in rural
settings. Hence, the clearest way to tease out the effects of cat
and dog exposure on asthma and allergy in children would be
to study this in an urban environment. None of the reviews
have taken this into account.

Therefore, we have conducted a systematic review of
longitudinal studies in urban environments to explore the
relationships between cat and dog exposure in the perinatal
period and subsequent asthma or allergy.

2. Methods

2.1. Inclusion Criteria

(i) Human.
(ii) Full-term infants.
(iii) Population based or allergy enriched sample.

(iv) Exposure to cat and/or dog presence or allergen levels
measured and reported from 20 weeks prior to birth
until 4 weeks after birth.

(v) Urban households only.

(vi) Outcome assessed and reported—any allergic disease
(asthma/wheeze/eczema/allergic rhinitis/food aller-
gy) or atopy/sensitization as measured by serum IgE
(total or specific) or on Skin Prick Testing.

(vii) Longitudinal (cohort) studies.

The comparison groups were the children not exposed to
pets within each study.
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94 records
from
PubMed search

81 records excluded for
reasons of study design,
rural environment and
timing of exposure
measurement

94 abstracts screened

13 full-text articles

assessed for eligibility 4 articles excluded

(i) 3 due to timing of exposure
(ii) 1 due to rural setting

}/
T

9 records included in
qualitative synthesis

F1GURE 1: Flow chart of searching process.

2.2. Search Strategy. We searched Medline using the follow-
ing strategy in PubMed. The last search date was 17 May
2011.

(i) One or more allergic disease outcome term: Allergy
and Immunology “[Mesh] OR “Hypersensitivity”
[Mesh]) OR “Asthma” [Mesh] OR “Respiratory

Sounds” [Mesh] OR “Rhinitis” [Mesh] OR
“Eczema” [Mesh] OR  “Dermatitis, Atopic”
[Mesh] OR “Immunoglobulin E” [Mesh]) OR

“Bronchial Hyperreactivity” [Mesh]) OR “Food
Hypersensitivity” [Mesh] OR “Allergens” [Majr]

AND

(ii) One or more pet exposure term: “Pets” [Mesh] OR
“Animals, Domestic” [Mesh] OR “Cats” [Mesh], OR
“Dogs” [Mesh]

AND

(iii) One or more age of exposure term: “Prenatal
Exposure Delayed Effects” [Mesh] OR “Maternal
exposure” [Mesh], OR “Fetus” [Mesh], OR “Infant,
Newborn” [Mesh]| OR “Birth”

AND

(iv) Study type-cohort, NOT review.

2.3. Process for Selecting Studies. A flow chart of the study
selection process is shown in Figure 1. One author assessed all
abstracts for eligibility. Full-text articles of eligible abstracts
were then further assessed by the same author.

3. Results

Information concerning population, study type, exposure,
outcome, and consideration of interaction by familial allergy
for each of the nine studies is presented in Table 1.
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The nine included articles represented 9 different studies.
There were two articles included from one study, with
outcomes presented at both 1 year [23] and 3 years [24]
of age. Additionally one article reported on the findings
of two studies [22]. Six studies were population based and
three were on children at increased risk of allergic disease.
The numbers analyzed ranged from 174 [26] to 2531 [27],
while the total population included across all studies was
6,498. Only one article reported pet exposure exclusively as
quartiles of allergen levels in vacuumed dust [21]; all other
articles simply recorded the presence of cats and/or dogs in
the home.

The allergic outcomes reported included: eczema in 4
articles; asthma/wheeze in 3; neonatal IgE in 3; sensitization
in 2; allergic rhinitis in 1; food allergy in 1, and allergic
symptoms (combination of eczema, asthma and hay fever) in
one. The definitions and ages at which these outcomes were
assessed varied between studies.

When assessing the quality of observational studies,
particularly for possible sources of bias, the importance of
addressing the following essential areas has been highlighted
[29]: appropriate selection of participants, appropriate mea-
surement of variables, and appropriate control of confound-
ing. An assessment of the quality of included studies with
reference to these areas is presented in Table 2.

Selection of participants and measurements of exposure
and outcome variables were not thought to be sources of
bias in any of the studies. None of the studies commented
on recall bias although most of them recorded a parental
history of allergy (a possible source of bias) retrospectively.
Most of the studies used questionnaires for collecting data,
so that interviewer bias was not applicable. Where interviews
were performed however, whether or not the interviewer was
blinded to the pet exposure status was not mentioned. There
was possible bias due to loss to followup in four articles
which did not explore whether those missing were different
from those remaining in the study [22, 24, 26, 27]. Included
confounders varied between studies introducing a possible
source of bias.

The studies were divided into two groups based on when
pet exposure was recorded. There were three studies which
reported prenatal cat and dog exposure, and nine which
reported exposure to cat and dog in the neonatal period.

3.1. Exposure Recorded Prenatally [20, 21, 26]

3.1.1. Neonatal IgE. The main outcome from all three articles
was the total level of neonatal IgE, measured from cord blood
[20] or from the neonatal screening heel prick test at 3-5
days after birth [21, 26]. A lower level of IgE at birth was
found in two articles [20, 26] if dogs [26], or cats or dogs [20]
were kept during pregnancy. Both of these articles further
restricted their analysis to a subgroup of low-allergy-risk
infants and confirmed a lower level of neonatal IgE. The third
article, which found no association [21] between neonatal
IgE and pet exposure prenatally, was not strictly comparable
having used levels of cat and dog allergens in dust as the
measures of pet exposure.

Clinical and Developmental Immunology

3.1.2. Sensitization. Additionally one of the articles [26],
which was based on a selected allergy risk population, found
a lower risk of IgE sensitization to cat at 12 months in those
children whose mothers had been exposed to cats during
pregnancy [26].

3.2. Exposure Recorded Postnatally [22-25, 27, 28]. There
were six articles which recorded postnatal allergen exposure
[22-25, 27, 28]. Although these articles recorded pet or
pet allergen exposure in the first 4 weeks of life, almost
all mothers would certainly have also had exposure during
pregnancy.

3.2.1. Eczema. Four articles reported eczema as an outcome,
variably defined as infantile eczema [27], atopic dermatitis
[23, 24], or physician diagnosed eczema [22] and assessed at
6 months [27], 1 year [22, 23], or 3 years [24] of age.

In three of these articles [23, 24, 27] (representing two
studies), the risk of atopic dermatitis or infantile eczema was
reduced for children exposed to dogs [23, 24] or pets [27]
at birth. The Childhood Origins of Asthma Study (COAST)
[23, 24] followed up a high-risk birth cohort and found a
lower risk of atopic dermatitis by 1 year and at 3 years when
exposed to dogs at birth. There was no association with cats.
In an unselected population from Oslo [27], it was reported
that pets at birth conferred less risk of infantile eczema by
6 months of age. When stratified by paternal atopy (asthma
and hay fever) only the high-risk group still showed less
atopic eczema risk.

In the other article [22] (representing two studies), the
exposure groups were stratified by genetic/hereditary factors
and the risk of eczema was increased only in the high-risk
groups if exposed to a pet. Bisgaard et al. [22] identified
children with either of 2 filaggrin- (FLG)-null mutations
in both the Copenhagen Prospective Study on Asthma
in childhood (COPSAC) and the Manchester Asthma and
Allergy study (MAAS) birth cohorts. When exposed to cats
at birth, children with a FLG null mutation had an increased
risk of eczema in the first year: there was no convincing
evidence for a similar relationship with dog exposure at birth.

3.2.2. Wheeze/Asthma. Three articles measured asthma or
wheeze as an outcome [24, 27, 28]. The variables measured
included current wheeze at age 3 years [24], bronchial
obstruction or asthma at age 4 years [27], and frequent
wheezing (>3 episodes per year) at ages 1-13 years [28]. All
of these studies reported reduced odds or a reduced hazard
ratio associated with a dog [24, 28] or with pets at birth [27].
No studies showed an association with cats alone.

Two of these three studies stratified by family history of
allergy or parental asthma [27, 28], one [28] finding a risk
reduction in the group without a parental history of asthma
whilst the other found no change in risk [27].

3.2.3. Other Outcomes (Sensitization, Rhinitis, Food Allergy,
or Combined Variable). There were three studies which
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TABLE 2: Evaluating the role of bias in the included studies.
Study AlCh][);lg]umlk Sch(>[r21t1>]erger Bligg?rd Gern [23] Bufford [24] Po}[llzas‘t]eln Kirzl;}]wf Ne[izfs7t]ad R[ezrg]es

Methods for selecting study participants
Appropriate source © © © © ®)
population
Inclus.ion an.d . &) © &) &) &)
exclusion criteria
Methods for measuring exposure and outcome variables
Appropriate
exposure © © © © © © © © ©
measurement
Appropriate
outcome © © © © © © © © ©
measurement
Methods to deal with design-specific sources of bias
Recall bias NI NI NA NI NI X NI NI NI
Interviewer bias NI NI NI NI NI NA NA NA NA
Loss to followup © © (1)v x © X NA V' X v X ©
Blinding NA NA NI NI NI NA NA NA NA
Methods to control confounding
Appropriate design © V' X X V' X V' X V' X V' X © v'x
Appropriate % © x © © © v'x % ©
analytical methods
Statistical methods (excluding confounding)
Appropriate % % © © e © vx © ©
Conflict of interests
Declarations of ©
conflict of interests x x x x x x x
Identification of ) ) © © © © ) ©
funding sources
NHMRC evidence grading (ref)

Levels -2 [II-2 I1I-2 III-2 1II-2 III-2 III-2 [II-2 III-2

NA: not applicable; NI: not described in article.
©: adequate; v X: poor; X: not done.

measured sensitization as an outcome. Two of these showed
no association [28, 30] with pet exposure at birth, whilst
the third reported reduced allergen sensitization at 1 year in
those children exposed to a dog at birth [23]. One article [27]
examined allergic rhinitis at age 4 years and found a reduced
risk in children exposed to pets at birth which persisted in
both groups following stratification for parental atopy.

Only one article reported on the outcome of food allergy.
This study found no effect of cat or dog at birth on the risk of
“confirmed food allergy” [23] (defined as specific IgE to egg
milk or peanut of >0.35kU/L and a convincing history).

One article [25] reported “allergic symptoms” at 2 years
of age (physician diagnosed eczema, chronic bronchitis or
asthma, or hay fever) and found a reduction in symptoms
among the children of families without a history of allergic
disease if they had kept dogs at birth. However in dog-
keeping families with a history of allergic disease, a modest
increase was found.

3.2.4. Summary of Results. Of the nine studies which were
included, six [20, 23, 24, 26-28] found that the risk of allergic
disease, or allergic sensitisation, was reduced in children
who had been exposed to pets at or before birth. Dogs
were associated with less risk of allergic outcomes in four
(23, 24, 26, 28] of the six articles, while the remaining two
found either pet to be associated with a reduced risk [20, 27].
Additionally one article reported a lower risk associated with
cat exposure [26]. Only one small study (n = 174) failed to
find an association [21].

Measures of familial allergy or pet avoidance were
employed by four [20, 26-28] articles to account for
the confounding aspects of pet-keeping choices. Limiting
the analysis to the non-allergy-prone low-risk group did
not change the associations in two articles [20, 26]. The
remaining two articles [27, 28] stratified their analyses by
familial high- and low-risk allergy groups. Subsequently,
Nafstad et al. [27] found reduced odds of allergic disease



in both high- and low-risk groups, whilst Remes et al. [28]
found the reduced risk of allergic disease in pet-exposed
children was limited to the low-risk familial allergy group.

This finding was further supported by the remaining two
articles [22, 25] which only presented results stratified by
allergic predisposition. Both found that high-risk children
had an increased risk of allergic outcomes in the presence of
dog or cat exposure at birth.

4. Discussion

Opverall we found that for children without a family history of
allergy, owning a dog was protective against the development
of allergic disease. By contrast the findings with regard to
those with a family history of allergy were more difficult
to interpret. A major confounding factor may be that pet-
keeping behaviour is likely to be strongly influenced by the
allergic status of the parents and siblings, as is the child’s risk
of allergic disease.

Further work assessing the impact of allergic status on
owning a pet will be required to better understand whether
this effect is due to a gene-environment interaction.

One of the problems in this field of research as out-
lined above is the inability to completely account for the
confounding effects of pet-keeping choices made by allergic
families. Families with allergic members are less likely to
keep pets [31, 32], so it may appear that allergic disease is
associated with not keeping pets. The lack of randomized
controlled trials of pet-keeping, which would remove the
confounding effect associated with pet-keeping choices in
allergic families, makes the next best evidential study design
a prospective birth cohort [33]. The ability of cohort
investigators to manage the effects of confounding by familial
allergy depends upon the validity and completeness of the
information they have gathered concerning familial allergy
and pet-keeping choices.

In this systematic review, we found that the treatment
of confounding by familial allergy status varied greatly
between articles (Table 2). Some of the articles limited
their analyses to low-risk groups, which gave only the less
interesting half of the picture. There was no uniform measure
of familial predisposition, with some articles using only
parental asthma, some using all first degree familial allergic
disease or atopy and one study combining this with pet
avoidance behaviour. The varied nature of the measurement
of familial allergic predisposition made it less likely that a
clear picture of the relationship between pet-keeping and
allergic disease would emerge. The articles also differed in
which factors they included in their analytical models as
potential confounders.

Another problem with pooling studies for a systematic
review is that they may measure outcomes at different ages.
As part of a comprehensive systematic review, Chen etal. [11]
grouped 21 birth cohort studies whose measured outcome
of wheeze varied from 1 year [34] to 12 years [28]. The
nature of wheeze at these two ages is very different. Over
half of wheeze recorded in early childhood is transient [35—
37]. Therefore, studies reporting wheeze/asthma outcomes in
early childhood will identify many children who will not go
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on to have true asthma at school age and may be less specific
in their findings than those which measure wheeze after six
years of age. This was also an issue for our articles where three
included articles measured wheeze at or before four years of
age.

Other issues related to the studies in this systematic
review were the possibility of attrition bias due to loss of
followup was not always explored, recall bias for survey
questions related to parental allergies was not mentioned
by any of the articles, and, reporting bias might also
have influenced which articles were identified. Also, due
to the perinatal exposure criterion, other birth cohort
studies including the Multicentre Allergy Study [38], which
measured pet exposure at 6 months, but not during the first
month of life, were excluded.

Compared to previous reviews which have yielded incon-
sistent results, the strengths of this review are that it has
measured pet exposure at one time period, the perinatal
period which is arguably a critical exposure window for
immune system maturation; it has included only one study
design, the cohort study which is the design with the
most evidential weight in this field; it has included only
urban populations, thus avoiding other potentially confusing
exposures present in rural communities; it has also identified
the important role of familial allergy in interpretation of any
results.

In the current systematic review, we were unable to
perform a meta-analysis on the included articles due to
heterogeneity in timing and assessment of exposures and
outcomes. Despite this, the findings appear to have similari-
ties across articles.

5. Conclusion

This paper of longitudinal studies of perinatal cat and/or dog
exposure in urban populations suggests that dog exposure
may have a protective effect on the risk of allergic disease
in low-risk populations. Unfortunately in children at high-
risk of allergic disease, there is still no clear answer. Further
longitudinal studies or randomised controlled trials, in
which the effect of familial allergy on pet-keeping choices is
clearly explored, are needed.
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