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Abstract 45 

 46 

Background: Studies examining associations of early-life cat and dog ownership with childhood asthma have 47 

reported inconsistent results. Several factors could explain these inconsistencies, including type of pet, timing 48 

and degree of exposure. 49 

Objective: To study associations of early-life cat and dog ownership with school-age asthma, including the role 50 

of type (cat versus dog), timing (never, prenatal or early childhood) and degree (number) of ownership, and the 51 

role of allergic sensitisation. 52 

Methods: We used harmonised data from 77,434 mother-child dyads aged 5-11 years from nine birth cohorts 53 

in the EU Child Cohort Network. Associations were examined through the DataSHIELD platform using adjusted 54 

logistic regression models, fitted separately for each cohort and combined using random-effects meta-analysis. 55 

Results: Early-life cat and dog ownership ranged between 12-45% and 7-47% respectively, and prevalence of 56 

asthma between 2-20%. There was no overall association between either cat or dog ownership and asthma 57 

(OR: 0.97 (95% CI: 0.87-1.09) and 0.92 (0.85-1.01), respectively). Timing and degree of ownership did not 58 

strongly influence associations.  59 

Cat and dog ownership were also not associated with cat- and dog-specific allergic sensitisation (OR: 0.92 (0.75-60 

1.13) and 0.93 (0.57-1.54), respectively). However, cat- and dog-specific allergic sensitisation were strongly 61 

associated with school-age asthma (OR: 6.69 (4.91-9.10) and 5.98 (3.14-11.36), respectively). There was also 62 

some indication of an interaction between ownership and sensitisation, suggesting that ownership may 63 

exacerbate the risks associated with pet-specific sensitisation, but offer some protection against asthma in the 64 

absence of sensitisation. 65 

Conclusion: Our findings do not support early-life cat and dog ownership in themselves increasing the risk of 66 

school-age asthma, but suggest that ownership may potentially exacerbate the risks associated with cat- and 67 

dog-specific allergic sensitisation.  68 

 69 

  70 
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Clinical Implications 71 

Cat and dog ownership in themselves are unlikely to increase the risk of school-age asthma and cat- and dog-72 

specific allergic sensitisation, but may exacerbate the risks associated with cat- and dog-specific allergic 73 

sensitization. 74 

 75 

 76 

Capsule Summary 77 

Our meta-analysis found no overall association between early-life cat or dog ownership and school-age asthma 78 

or pet-specific allergic sensitisation. Pet-specific allergic sensitisation was associated with increased odds of 79 

asthma, however, which was strengthened by pet ownership. 80 

  81 
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Introduction 97 

Asthma is the most prevalent non-communicable disease of childhood1 and represents a huge and growing 98 

burden for affected families, society and healthcare systems.2 Although its aetiology is incompletely 99 

understood, evidence suggests that early-life environmental and lifestyle factors play a vital role in its 100 

development. 101 

Allergic sensitisation is a risk factor for asthma.3, 4 However, while allergen exposure has been consistently 102 

associated with more severe asthma5-7 and increased frequency of asthma exacerbations5, 6, 8-10 in asthmatic 103 

children sensitised to the corresponding allergen, the exact relationship between allergen exposure and the 104 

development of allergic sensitisation and symptomatic allergic diseases such as asthma remains controversial. 105 

This is illustrated by studies examining associations between early-life pet exposure and later risk of childhood 106 

asthma, which have produced conflicting results.11-13  107 

Several factors could explain these differences in findings, including degree of allergen exposure both inside 108 

and outside the home. The aerodynamic nature of pet allergens means that they are easily transferred from 109 

one environment to another14 and are consequently ubiquitous in the environment.15-17 There is evidence that 110 

exposure to high levels of pet allergens (more pets) may actually decrease a child’s risk of sensitisation by 111 

inducing immune tolerance, similar to allergen-specific immunotherapy (ASIT). For instance, some studies have 112 

observed an inverse dose-response association between early-life pet exposure and risk of asthma and 113 

allergy,18, 19 and other studies have shown that children exposed to higher concentrations of cat allergen have 114 

higher immunoglobulin G (IgG) levels and decreased sensitivity to the major cat allergen Fel d 1.20, 21 115 

Timing of exposure may also be important, with the first year of life appearing to be a critical window for the 116 

development of tolerance.22 Although fewer studies have examined the effect of prenatal pet exposure on 117 

later risk of allergic sensitisation and asthma, there is evidence that these could also influence allergic disease 118 

development.23-25 For example, offspring of mothers who underwent ASIT during pregnancy have been 119 

observed to have reduced risk of allergen-specific sensitisation later in life.26 120 

Finally, many studies have observed differences in effects depending on the type of pet owned,27, 28 suggesting 121 

that pet-specific differences in allergens, associated microbes29 and pet-keeping practices30 also influence 122 

whether pet exposure confers risk or protection against asthma and allergy. 123 
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The aim of this study is to examine the associations of early-life cat and dog ownership with the development 124 

of asthma in childhood. We specifically examine how these associations are influenced by type of pet (cat vs. 125 

dog), timing of ownership (never, prenatal or early childhood) and number (none, one or >one) of cats or dogs 126 

owned. We also examine the role of cat and dog-specific allergic sensitisation. We hypothesise that cat- and 127 

dog-specific allergic sensitisation are on the causal pathway between cat and dog ownership and childhood 128 

asthma, and that this mechanism is likely to be influenced by type of pet, timing of ownership and number of 129 

pets.  130 

  131 
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Methods 132 

 133 

Study design and participating cohorts 134 

This study is part of the LifeCycle Project, a collaboration between Australian and European birth cohort 135 

studies, which has established a FAIR (findable, accessible, interoperable and reusable) data resource known as 136 

the EU Child Cohort Network.31 Details of how variables were harmonised for LifeCycle are provided in 137 

http://catalogue.lifecycle-project.eu and elsewhere.32 138 

Cohorts in the network were eligible for this study if they had the following data: i) cat or dog ownership 139 

ascertained during pregnancy and/or ≤2 years; ii) current asthma at >5 years, or cat- or dog-specific allergic 140 

sensitisation in the child. The participating cohorts were: Avon Longitudinal Study of Parents and Children 141 

(ALSPAC (UK)),33, 34 Danish National Birth Cohort (DNBC (Denmark)),35 Study on the pre- & early postnatal 142 

determinants of child health & development (EDEN (France)),36 Generation R (Gen R (The Netherlands)),37 143 

Environment and Childhood Project (INMA (Spain)),38 Norwegian Mother, Father and Child Cohort Study (MoBa 144 

(Norway)),39, 40 Nascita e INFanzia: gli Effetti dell'Ambiente (NINFEA (Italy)),41 the Raine Study (Australia),42 and 145 

Southampton Women’s Survey (SWS (UK)).43 Descriptions and characteristics of the participating cohorts are 146 

provided in Supplementary Information 1 and Tables S1-S2. 147 

 148 

Cat and dog ownership 149 

Our exposure measures were based on parental reports of having a cat or dog during pregnancy or early 150 

childhood (i.e. ownership; detailed in Table S3), with the assumption that this equates to exposure. We 151 

harmonised data collected during pregnancy and the first three years of life to create four variables relating to: 152 

i) cat ownership ever from conception to ≤2 years (yes/no); ii) dog ownership ever from conception to ≤2 years 153 

(yes/no); iii) number of cats owned (none/1/>1); iv) number of dogs owned (none/1/>1). For variables relating 154 

to number of cats and dogs owned, averages were calculated if data were available at several time points from 155 

conception to ≤2 years.  156 

Two categorical variables were created to examine the influence of timing of cat and dog ownership 157 

(never/prenatal only/early childhood only/prenatal and early childhood). For ownership in early childhood, 158 

children were classified as exposed if a cat or dog was reported at any data collection from birth to ≤2 years. 159 
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Primary outcome: current asthma at school age 160 

Our primary outcome was current asthma at school age (median age 7y, range 6-9y), harmonised using data 161 

obtained from parental questionnaires (detailed in Table S4) according to the MeDALL (Mechanisms of the 162 

Development of ALLergy) criterion,44 whereby a child was classified as having current asthma when at least two 163 

of three criteria were reported: i) doctor diagnosis of asthma ever; (ii) use of asthma medication in the past 12 164 

months; iii) wheezing in the past 12 months according to the ISAAC (International Study of Asthma and Allergy 165 

in Childhood) parental core questionnaire.45 Records with missing data on two of the three criteria were coded 166 

as missing. In three cohorts (ALSPAC, MoBa and NINFEA), only partial harmonization was achieved (detailed in 167 

Table S4). Where current asthma was available at several ages, we analysed current asthma at the age closest 168 

to the median “current asthma” age of the pooled study population (7y).   169 

 170 

Secondary outcomes: allergic sensitisation and lung function 171 

Information on allergic sensitisation to cat, dog and other aeroallergens at school age (median age 7y, range 5-172 

11y) was available in five cohorts (cat and other aeroallergens; ALSPAC, Gen R, INMA, the Raine Study and 173 

SWS) and three cohorts (dog allergen; ALSPAC, Gen R and SWS). Sensitisation was defined as having a skin prick 174 

test response ≥3mm compared with the negative control in two cohorts (ALSPAC and SWS); as ≥40% of the 175 

positive histamine control in one cohort (Gen R); as serum allergen-specific-IgE levels >0.35 allergen-specific 176 

kilounits per litre in two cohorts (INMA and the Raine Study), Table S4. Where allergic sensitisation was 177 

measured at several ages, measurements taken at the age closest to the median age of measurement (7y) 178 

were analysed. 179 

Details of lung function measurements (FEV1, FVC, FEV1/FVC) are given in Table S4 and Supplementary 180 

Information 2. 181 

 182 

Covariates 183 

Potential confounders were identified based on the literature and then selected by constructing directed 184 

acyclic graphs (Fig S1-S2). The selected variables included: i) maternal asthma (yes/no); ii) maternal inhalant 185 

allergy (yes/no); iii) paternal asthma (yes/no); iv) maternal education level (low/medium/high); v) quartiles of 186 

predicted equivalised total disposable household income46 or reported household income; vi) maternal 187 
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ethnicity (white/Black, Asian or minority ethnic/mixed); vii) sibling position (1/2/≥3); viii) maternal smoking 188 

during pregnancy (yes/no); ix) maternal age at birth; x) sex; xi) number of children living in the household when 189 

the child was ≤2 years (1/2/≥3). For associations between allergic sensitisation and asthma, confounders also 190 

included: xii) gestational age (days); xiii) birth weight (g); xiv) caesarean delivery (yes/no); xv) ever breastfed 191 

(yes/no); xv) early-life cat ownership (yes/no); xvi) early-life dog ownership (yes/no). Information on covariates 192 

were primarily obtained by questionnaire, interviews, or from medical records (summarized in Table S5).  193 

 194 

Statistical analysis 195 

All analyses were conducted in R (version 3.5.2) using the federated analysis platform DataSHIELD (version 196 

6.0.1),47, 48 via a central analysis server using RStudio (https://rstudio.com/products/rstudio/#rstudio-server) 197 

and DataSHIELD-specific libraries (https://github.com/datashield).  198 

Analyses were restricted to singleton pregnancies resulting in a live-born child. The number of children and 199 

covariates included in each analysis varied depending on data availability (summarised in Fig 1).  200 

We examined associations of cat and dog ownership (yes/no, number and timing) with school-age asthma 201 

using logistic regression models. Logistic regression models were also used to examine associations of: i) cat 202 

and dog ownership with cat- and dog-specific allergic sensitisation, respectively; ii) cat- and dog-specific allergic 203 

sensitisation with asthma; iii) cat and dog ownership with other aeroallergens than cat and dog. Associations of 204 

cat and dog ownership with lung function (FEV1, FVC, FEV1/FVC) were examined using linear regression models 205 

(detailed in Supplementary Information 2). 206 

To allow for between-sibling correlation in cohorts (ALSPAC, DNBC, Gen R, MoBa and NINFEA), we applied 2-207 

level regression models, with children as “level 1” and mothers as “level 2” units. We performed analyses first 208 

without adjustment, then with adjustment for confounders, and mutual adjustment for cat/dog ownership.  209 

Confounding by indication and reverse causation were investigated by assessing the presence of effect 210 

modification by parental asthma and wheeze ≤2 years, respectively. To assess the joint effects of pet 211 

ownership and pet-specific allergic sensitisation, we tested for multiplicative interaction and created two 212 

variables with the following categories: i) no ownership and not sensitised; ii) ownership and not sensitised; iii) 213 

no ownership and sensitised; iv) ownership and sensitised. Finally, to explore differences in associations 214 

between girls and boys, we also stratified analyses by sex.  215 
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Regression models were fitted separately for each cohort and regression coefficients (βs) and standard errors 216 

(SEs) combined using random-effects meta-analysis using the restricted maximum-likelihood estimator method 217 

(REML). Between-cohort heterogeneity was evaluated using I2 and the chi-squared Q-statistic.  218 

For the main analysis examining associations of cat and dog ownership with asthma, the following sensitivity 219 

analyses were conducted: i) omitting covariates not available in all cohorts (maternal inhalant allergy, maternal 220 

ethnic background and number of children in the home); ii) restricting the population to individuals with 221 

sensitisation data; iii) excluding each cohort in turn; iv) pooling data and including cohort as a fixed effect. 222 

 223 

Ethical approval 224 

Each participating cohort obtained ethical approval from their local ethics committee, detailed in 225 

Supplementary Information S6. 226 

 227 

  228 
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Results 229 

Cat and dog ownership ranged from 12.2% (INMA) to 45.1% (the Raine Study) and from 7.4% (Gen R) to 47.4% 230 

(the Raine Study), respectively. Figs 2a-b display the respective timing of cat and dog ownership across cohorts. 231 

Ownership both prenatally and in early childhood was the most common timing of ownership, whilst 232 

ownership prenatally only was the least common timing of ownership. The characteristics of cat and dog 233 

owners were relatively consistent across cohorts (Tables S1-S2). Cat and dog owners tended to have a lower 234 

household income, lower maternal education, and higher prevalence of maternal smoking (Tables S1-S2). 235 

Prevalence of parental asthma was comparable between cat/dog owners and non-cat/dog owners, but 236 

prevalence of maternal inhalant allergy was slightly lower among cat/dog owners in some cohorts (Table S2).   237 

Prevalence of current asthma at school age ranged between 2.3% (NINFEA) and 19.5% (the Raine Study), while 238 

sensitisation to cats and dogs ranged between 6% (INMA) and 12% (Gen R), and 3% (SWS) and 5% (ALSPAC and 239 

Gen R), respectively (Figs 2c-e). 240 

 241 

Associations of cat and dog ownership with asthma and lung function 242 

In total, 77,434 children from nine cohorts were included in analyses examining associations of early-life cat 243 

and dog ownership with current asthma at school age (Fig 1). Overall, there was no strong evidence for an 244 

association between early-life cat or dog ownership and school-age asthma (Fig 3 and S3), nor for wheezing in 245 

infancy or parental asthma modifying these associations (Pinteraction>0.26). Heterogeneity across studies was 246 

moderate for cat ownership (I2=32.4%) and low for dog ownership (I2=7.6%) in the adjusted models, Fig 3. 247 

Results were consistent for girls vs. boys (Table S6). 248 

Results from sensitivity analyses are summarised in Table S7. When analyses were restricted to children with 249 

allergic sensitisation data, slightly lower ORs were observed for the effect of cat ownership on current asthma 250 

(Table S7). Similarly, when the DNBC cohort was excluded, a slightly lower OR was observed for dog ownership 251 

(Table S7). However, the differences in ORs observed in sensitivity analyses were not sufficient to alter 252 

conclusions.  253 

In the six cohorts with relevant data (ALSPAC, INMA, EDEN, Gen R, the Raine Study, SWS), we also examined 254 

associations of cat and dog ownership with lung function.  Here, there was no evidence for an overall 255 
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association between cat or dog ownership and lung function (described in full in Supplementary Information 3 256 

and Tables S8-S9). 257 

 258 

Influence of timing, and number of cats and dogs owned 259 

For both cat and dog ownership, ownership prenatally only was associated with greater odds of school-age 260 

asthma, whilst both ownership in early childhood only and continuous ownership, were associated with lower 261 

odds of school-age asthma compared with no ownership (Table 1). For all time windows, however, ORs were 262 

close to the null. 263 

Odds of current asthma at school age were relatively constant for one versus multiple cats or dogs, and were 264 

consistent with no or only a very weak association (Table 2).  265 

 266 

The role of cat- and dog-specific allergic sensitisation  267 

Cat and dog ownership were not associated with cat- and dog-specific allergic sensitisation, respectively (Fig 4 268 

and Fig S4). These results were not modified by parental asthma or infant wheeze (Pinteraction>0.22), and were 269 

consistent for girls and boys (Table S6). In contrast, both cat- and dog-specific allergic sensitisation were 270 

associated with school-age asthma (Fig 5 and Fig S5), with stronger associations observed among girls 271 

compared with boys (Table S6).  272 

There was also evidence for an interaction between dog ownership and dog-specific allergic sensitisation, 273 

where the joint effect of early-life dog ownership and dog-specific allergic sensitisation was greater than would 274 

be expected on either an additive or multiplicative scale (Table 3). The small numbers and wide confidence 275 

intervals should be noted, however. A similar, weaker, tendency was observed for cat ownership and cat-276 

specific allergic sensitisation (Table 3). Slightly lower odds of asthma were observed among children who had a 277 

cat or dog in early life but did not develop sensitisation (Table 3).  In further analyses, cat and dog ownership 278 

were also associated with lower odds of allergic sensitisation to other aeroallergens than cat and dog (Fig S6). 279 

  280 
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Discussion  281 

In this meta-analysis of nine birth cohort studies including >77,000 children, we found no strong overall 282 

association between early-life cat or dog ownership and current asthma at school age. We also found no 283 

overall association of early-life cat or dog ownership with FEV1 and FEV1/FVC, objective markers of airflow 284 

obstruction. And similarly no strong association between timing or number of cats or dogs owned and current 285 

asthma at school-age. Consistent with these findings, cat and dog ownership were also not associated with cat- 286 

and dog-specific allergic sensitisation. There was some indication, however, of a possible interaction between 287 

ownership and sensitisation. Cat- and dog-specific allergic sensitisation were both associated with school-age 288 

asthma, and this association was stronger among children who had a cat or dog in early-life, although based on 289 

small numbers. In contrast, early-life cat and dog ownership without sensitisation were associated with slightly 290 

lower odds of asthma.  291 

 292 

Strengths and limitations 293 

This is the first study to use a federated approach to analyse harmonised individual participant data (IPD) from 294 

nine birth cohorts from the EU Child Cohort Network.31, 32 To date, all but one meta-analysis examining 295 

associations of early-life pet ownership with school-age asthma have been based on aggregate, published data, 296 

and this is the first meta-analysis using IPD, to our knowledge, to examine associations of cat and dog 297 

ownership with cat- and dog-specific allergic sensitisation and lung function, and to examine associations of 298 

number of cats or dogs owned with school-age asthma. Meta-analysis of IPD has a number of advantages over 299 

meta-analysis of published, aggregate data; most notably, the lack of publication bias and ability to reduce 300 

between-study heterogeneity by using harmonised data and consistent adjustment for confounding. Analysing 301 

IPD also enabled us to investigate possible effect modification by parental asthma and infant wheeze, and 302 

interaction between ownership and sensitisation. We were also able to conduct a number of sensitivity 303 

analyses to assess the robustness of results.   304 

Another key strength of the current study is the fact that the majority of participating studies ascertained 305 

symptoms of asthma using ISAAC questionnaires, or adaptions thereof, which have been extensively validated 306 

against bronchial hyper-responsiveness49 and doctor-diagnosed asthma.50 In addition, our measure of school-307 

age asthma was based on the MeDALL criterion, which was developed by a panel of experts and considers 308 

symptoms of asthma, medication and doctor diagnosis in its definition.44 We were also able to explore 309 

Jo
urn

al 
Pre-

pro
of



17 
 

associations with more objective measures of allergy and respiratory health, using SPT/IgE and spirometry 310 

data. Finally, despite the considerable variation in the prevalence of cat and dog ownership and asthma 311 

between the birth cohorts, and the varied social and cultural environments of the cohorts, heterogeneity 312 

between study estimates, particularly for dogs, was small.  313 

There are, however, also some limitations that should be considered when interpreting our findings, in 314 

particular the possibility of confounding by indication and reverse causation. Studies have demonstrated 315 

selective avoidance of pets, especially cats, among families with asthma or allergies;51, 52 thus it is likely that 316 

children at highest risk of developing allergies or asthma are also less likely to live with cats or dogs. Similarly, it 317 

is also possible that the development of early respiratory symptoms in the child, for example infant wheeze, 318 

may result in the removal of pets from the home; this may be less common than avoidance however.51 319 

Although we have tried to assess these possibilities by investigating whether parental asthma and infant 320 

wheeze modified results, a preferred approach would be to exclude children whose parents reported 321 

avoidance of pets due to allergies or asthma in the family. Unfortunately, these data were not available in the 322 

majority of cohorts.  323 

All but one cohort (the Raine Study), lacked information on pet keeping practices, for example whether the cat 324 

or dog was kept mainly/only outside and whether the pet was allowed into the child’s bedroom. These 325 

practices may vary from cohort to cohort, introducing between-study heterogeneity in exposure measures. In 326 

addition, allergic or asthmatic families who own a pet could modify their pet keeping practices in an attempt to 327 

mitigate any associated detrimental health effects. While there is very limited evidence that removing pets 328 

from main living areas or bedrooms is effective at reducing indoor allergen levels,53 it could affect the exchange 329 

of microbiota54, which could be important for immune development and homeostasis. However, studies 330 

suggest that people with asthma frequently choose to ignore medical advice to avoid or modify their pet 331 

keeping practices.55, 56 332 

A further limitation of the current study is our restricted measure of allergic sensitisation and asthma. Although 333 

the large majority of epidemiological studies investigating risk factors for allergic sensitisation treat 334 

sensitisation as an all or nothing (yes/no) phenomenon, evidence clearly demonstrates that degree of 335 

sensitisation is an important determinant of clinical symptoms.57-61  Moreover, the arbitrary cut-offs that are 336 

applied to determine allergic status have poor positive predictive value.62 In light of this, examining 337 

associations of cat or dog ownership with quantitative measures of allergic sensitisation may have provided 338 

more informative results; unfortunately, these data were only available in two of the participating cohorts.  339 
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Similarly, it is increasingly recognized that asthma and allergic sensitisation are not single phenotypes, but 340 

instead umbrella terms for multiple phenotypes with different underlying aetiologies.63, 64 Since different 341 

phenotypes are likely to have different environmental associations, the real picture is likely to be more 342 

complex than what is presented here.  343 

 344 

Comparison with the literature and interpretation of results 345 

Our findings of no overall association between cat and dog ownership and school-age asthma mirror those of a 346 

similar meta-analysis using data from approximately 11,000 children across 11 European birth cohort studies.12 347 

In that meta-analysis, no association was observed between furry and feathered pet ownership in the first two 348 

years of life and school-age asthma. The picture from systematic reviews and meta-analyses of published, 349 

aggregate, cohort data examining associations of pet ownership with asthma is less clear; these have reported 350 

null or weak and inconsistent associations, with substantial between-study heterogeneity.28, 65, 66 The current 351 

meta-analysis adds to the current body of knowledge by demonstrating a lack of association regardless of 352 

number of pets owned and with lung function, but potentially a small protective effect in the absence of 353 

sensitisation and harmful effect in the presence of sensitisation. 354 

We observed a suggestion of slightly greater odds of school-age asthma among children who owned a cat or 355 

dog prenatally only, but slightly lower odds among children who owned a cat or dog continuously or in early 356 

childhood only. This would be consistent with reverse causation, namely the removal of cats or dogs from the 357 

homes of children with early manifestations of allergy or asthma, as discussed above. Alternatively, it could 358 

suggest that sustained exposure is required to maintain any protection conferred by early-life dog or cat 359 

ownership, as has been suggested by farm studies.67-70 Given the small effect sizes, however, these patterns 360 

could also be due to chance alone. 361 

We found no strong evidence for an association between cat or dog ownership and allergic sensitisation to the 362 

respective allergen, suggesting that ownership is unlikely to be the main determinant of cat- and dog-specific 363 

allergic sensitisation; instead, other factors such as genetic susceptibility are likely decisive. Other cohort 364 

studies examining associations of pet ownership with allergic sensitisation to associated allergens have been 365 

conflicting, with some reporting a positive association,71, 72 and others either no19, 72-77 or an inverse 366 

association.19, 22, 77-79 These inconsistencies could be related to differences in the timing of allergic sensitisation 367 

assessment, since trajectories of pet-specific allergic sensitisation have been observed to differ in pet owners 368 
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versus non-pet owners.80 In further analyses, cat and dog ownership were associated with slightly lower odds 369 

of allergic sensitisation to other aeroallergens than cat and dog, suggesting that ownership may confer non-370 

specific effects. This could be through altering the composition of the microbiome,54, 81-84 which is known to be 371 

important in immune development.85, 86 372 

Similar to other studies,61, 88  we observed an association between cat- and dog-specific allergic sensitization 373 

and childhood asthma. There is some controversy as to whether this association is causal or an 374 

epiphenomenon.8989 Genome-wide association studies have observed little overlap between loci associated 375 

with asthma and those associated with IgE levels, however, favouring the latter explanation.90 Although we 376 

observed evidence for an interaction between cat or dog ownership and allergic sensitization, given that 377 

allergen exposure is known to increase asthma symptoms in sensitised, asthmatic children,5-10 this could also 378 

be explained by joint exposure increasing the likelihood of diagnosis or reporting of symptoms rather than 379 

asthma development per se. The stronger interaction observed for dog ownership compared with cat 380 

ownership may reflect changes in cat keeping practices or a reduced likelihood of continued cat ownership 381 

among children who develop cat-specific allergic sensitization,51 which would suggest that sustained pet 382 

exposure is required for the observed joint effect.  383 

In summary, our findings do not support early-life cat and dog ownership in themselves increasing the risk of 384 

school-age asthma or pet-specific allergic sensitisation. Ownership may even offer some protection against 385 

asthma among children who do not develop allergic sensitisation. Our findings do, however, support cat- and 386 

dog-specific allergic sensitisation increasing the risk of school-age asthma, and for this risk possibly being 387 

greater among children who own a cat or dog, respectively.  388 

 389 

  390 
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Tables 615 

 616 

Table 1. Influence of timing of exposure on associations of cat and dog ownership with current asthma at 617 

school agea 618 

    Odds of school-age asthma 

  N  Crude OR (95% CI) I2 Adjustedb OR (95% CI) I2 

Cat ownership       

Never 57,910  reference  reference  

Prenatal only 2,575  1.13 (0.95, 1.36) 4% 1.17 (0.96, 1.42) 7% 

Early childhood only 3,337  0.90 (0.74, 1.09) 10% 0.91 (0.77, 1.07) 0% 

Prenatal and early childhood 13,612  0.94 (0.83, 1.07) 38% 0.99 (0.85, 1.14) 44% 

Dog ownership       

Never 61,183  reference  reference  

Prenatal only 1,610  1.16 (0.95, 1.41) 0% 1.08 (0.88, 1.33) 0% 

Early childhood only 2,517  1.00 (0.77, 1.30) 36% 0.92 (0.77, 1.11) 0% 

Prenatal and early childhood 12,124  0.93 (0.85, 1.01) 0% 0.90 (0.81, 1.01) 15% 

OR, 95% CI and I2 from 2-stage random-effects meta-analysis. 619 

aAll cohorts had relevant data and were included in analyses (ALSPAC, DNBC, EDEN, Gen R, INMA, MoBa, 620 

NINFEA, the Raine Study and SWS) 621 

bAdjusted for maternal and paternal asthma, maternal inhalant allergy, maternal education, household income, 622 

maternal ethnic background, maternal age at birth, maternal smoking during pregnancy, birth order, number 623 

of children living in the home and sex; mutually adjusted for cat and dog ownership. 624 
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Table 2. Associations between numbera of cats and dogs owned and odds of current asthma at school age 627 

  Odds of current asthma at school-age 

 N Crude OR (95% CI) I2 Adjustedb OR (95% CI) I2 

Cats      

None 6,449 reference  reference  

1 1,504 0.95 (0.79, 1.13) 0% 0.95 (0.79, 1.14) 0% 

>1 969 1.09 (0.71, 1.67) 58% 1.11 (0.70, 1.76) 60% 

Dogs      

None 6,957 reference  reference  

1 1,575 0.92 (0.77, 1.10) 0% 0.84 (0.70, 1.02) 0% 

>1 390 1.06 (0.77, 1.45) 0% 0.87 (0.63, 1.21) 0% 

       

OR, 95% CI and I2 from 2-stage random-effects meta-analysis. 628 

a Average number of cats and dogs across early-life (prenatally and early childhood). Cohorts with relevant data 629 

were: ALSPAC, INMA, NINFEA, the Raine Study and SWS. In SWS, data on number of cats and dogs were only 630 

available for the prenatal period.  631 

b Adjusted for maternal and paternal asthma, maternal inhalant allergy, maternal education, household 632 

income, ethnic background, maternal age at birth, maternal smoking during pregnancy, birth order, number of 633 

children living in the home and sex of the child; mutually adjusted for number of cats or dogs owned 634 
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Table 3. Associations of joint cat or dog ownership and cat or dog-specific allergic sensitisationa with current asthma at school ageb 

    Odds of school-age asthma 

  N Crude OR (95% CI) I2 Adjustedc OR (95% CI) I2 Pinteraction
d 

Cat ownership       

No cat and not sensitised 2698 reference  reference   

Cat and not sensitised 1462 0.80 (0.64, 0.99) 0% 0.80 (0.64, 1.00) 0%  

No cat and sensitised 250 5.36 (3.71, 7.73) 17% 5.94 (4.29, 8.22) 0%  

Cat and sensitised  134 5.92 (3.04, 11.50) 56% 6.55 (3.66, 11.71) 32% 0.07 

Dog ownership       

No dog and not sensitised 1983 reference  reference   

Dog and not sensitised 379 0.96 (0.66, 1.39) 0% 0.78 (0.52, 1.17) 0%  

No dog and sensitised 91 4.73 (2.32, 9.66) 39% 4.32 (1.51, 12.31) 63%  

Dog and sensitised  17 24.20 (6.58, 89.03) 0% 23.36 (6.01, 90.79) 0% 0.04 

OR, 95% CI and I2 from 2-stage random-effect meta-analysis. 

aCat or dog ownership in early-life (from conception to ≤2 years) and allergic sensitisation at school age (median age 7y, range 5-11y) 

bCohorts with relevant data were: ALSPAC, Gen R, the Raine Study and SWS; INMA was excluded from analyses due to risk of disclosure 

cAdjusted for maternal and paternal asthma, maternal inhalant allergy, maternal education, household income, maternal ethnic 

background, maternal age at birth, maternal smoking during pregnancy, birth order, number of children living in the home and sex, 

gestational age, birth weight, caesarean delivery, ever breastfed; mutually adjusted for cat and dog ownership. 

dPinteraction on a multiplicative scale 
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Figure legends 

 

Fig 1. Flow chart illustrating participants included in the studya 

 

aThe same populations were used in both crude and adjusted analyses. Descriptions of the individual cohorts 

participating in the study are given in Supplementary Information S1. 

bAnalyses examining associations of cat- and dog-specific allergic sensitisation with current asthma at school 

age included these additional covariates: gestational age (days), birth weight (g), caesarean delivery (yes/no), 

ever breastfed (yes/no). 

 

 

 

 

Fig 2.  Distribution of exposures and outcomes in participating birth cohorts 

A, Percentage of cat ownership by timing. B, Percentage of dog ownership by timing. C, Prevalence of current 

asthma at school age. D, Prevalence of cat-specific allergic sensitisation. E, Prevalence of dog-specific allergic 

sensitization. For plots A and B, values are for (from top to bottom): prenatal only, early childhood only and 

prenatal and early childhood. 

 

 

 

Fig 3. Forest plots for associations of (A) cat and (B) dog ownership in pregnancy and infancy with school-age 

asthma. 

RE – random-effects 

* Adjusted for maternal and paternal asthma, maternal inhalant allergy, maternal education, household 

income, ethnic background, maternal age at birth, maternal smoking during pregnancy, birth order, number of 

children living in the home and sex of the child; mutually adjusted for cat and dog ownership. 
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Fig 4. Forest plots for associations of (A) cat ownership with cat-specific allergic sensitisation, (B) dog 

ownership with dog-specific allergic sensitisation. 

NA – n<3 for at least one summary statistic and not presented due to risk of disclosure 

RE – random-effects 

* Adjusted for maternal and paternal asthma, maternal inhalant allergy, maternal education, household 

income, maternal ethnic background, maternal age at birth, maternal smoking during pregnancy, birth order, 

number of children living in the home and sex; mutually adjusted for cat and dog ownership. 

 

 

 

Fig 5. Forest plots for associations of (A) cat-specific allergic sensitisation and (B) dog-specific allergic 

sensitisation with current asthma at school age. 

NA – n<3 for at least one summary statistic and not presented due to risk of disclosure 

RE – random-effects 

* Adjusted for maternal and paternal asthma, maternal inhalant allergy, maternal education, household 

income, maternal ethnic background, maternal age at birth, maternal smoking during pregnancy, birth order, 

number of children living in the home and sex, gestational age, birth weight, caesarean delivery, ever 

breastfed, early-life cat ownership, early-life dog ownership. 
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