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Background and Objective: The relationship between pet ownership and childhood asthma remains controversial. In recent years, there have been increasing studies with large sample size. Therefore, we conducted this systematic review and meta-analysis to evaluate the relationship between pet ownership and childhood asthma.

Method: Relevant research was retrieved from PubMed, Cochrane, EMBASE, and Web of science. The retrieval was as of October 1, 2021. The Newcastle-Ottawa Scale (NOS) was used to assess the quality of the included studies. Stata 15.0 was used to conduct the meta-analysis.

Results: A total of 60 studies with large sample size published between 1995 and 2021 were included in this systematic review and meta-analysis, which included 18 cohort studies and 42 case-control studies covering 27 countries and 1,871,295 children. As shown by meta-analysis results, cat ownership (OR = 1.18, 95%CI: 1.05∼1.33) and dog ownership (OR = 1.12, 95%CI: 1.0 0∼1.24) have a significant bearing on the occurrence of childhood asthma. Pet ownership was also positively correlated with the occurrence of severe childhood asthma (OR = 1.15, 95%CI: 1.11∼1.20).

Conclusion: Pet ownership, especially cats and dogs, is associated with the occurrence of asthma in children.
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Introduction

Asthma is one of the most common chronic respiratory diseases in the world nowadays. The overall prevalence around the world still remains high in 2019. According to global statistics, in 2019, there were more than 300 million people suffering from asthma. Among them, there are about 30 million patients with asthma in China, among which children account for 6 million. The prevention and control of childhood asthma is a critical challenge (1). In recent years, the prevalence of childhood asthma has been increasing year by year. The occurrence of childhood asthma will definitely increase the burden on families and society, which makes it a serious public health issue.

As is well known, there are various risk factors related with the occurrence of asthma, including vitamin D deficiency, gastrointestinal and respiratory microbiota, early exposure to antibiotics, smoking, air pollution, genetic risk factors, stress, ethnic differences, etc. (2). Previous studies have shown that pet grooming is related to the occurrence of allergic rhinitis. Yang et al. (3) proposed in their study that keeping away from hairy pets can reduce the sensitization of children at high risk for allergic diseases. Moreover, Zhang et al. (4) pointed out that pet ownership, serving as a key risk factor for the incidence of air pollution in the crowd, is bound up with the occurrence of allergic rhinitis. The relationship between pet ownership and childhood asthma still remains controversial. The study by Takkouche et al. (5) demonstrated that exposure to furry pets such as cats and dogs was associated with asthma. A systematic review in 2012 involving 11 cohort studies including data from 22,000 children did not support that pet ownership in infancy was associated with the risk of asthma at 6-10 years of age (6).

In recent years, there has been increasing case-control or cohort studies with large sample size on the relationship between pet ownership and childhood asthma. Therefore, we conducted this systematic review and meta-analysis to investigate the relationship between pet ownership and childhood asthma to provide guidance on the prevention of childhood asthma (7–9).



Method


Search strategy

A comprehensive and systematic search was conducted by using PubMed, Cochrane, EMBASE, and Web of science databases. The retrieval was as of October 1, 2021. In order to avoid the risk of omitting original research published during our project, we continued searching the databases mentioned above until we completed this research. The region was not restricted in the search, and the retrieval method was subject headings + free words. The subject heading used in PubMed was asthma [Mesh], Child [Mesh], pet [Mesh]. The retrieval strategy used in PubMed is shown in supplementary document 1.



Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) The study type was case-control or cohort study. (2) The research subjects were children. (3) English literature. (4) The region and publication year were not limited. The exclusion criteria were as follows: (1) Non-English studies. (2) Studies including subjects older than children (>18 years old). (3) In order to avoid the influence brought by small sample size, we decided that studies with a sample size of less than 100 subjects should not be included in this systematic review. (4) Since the included original studies included case-control studies, there might be duplication of study subjects in multiple studies. Thus, if several studies contained the research subjects in the same region at the same time, we excluded studies with smaller sample size. (5) The confounding factors were not adjusted for outcome measures. (6) The original literature was not available.



Literature screening and information extraction

The retrieved studies were imported into Endnote X9. After excluding duplication, the titles and abstracts were screened and eligible studies were downloaded. A comprehensive screening was performed to determine the included studies. Before information extraction, a spreadsheet of information extraction was prepared for this research, including title, author, publication year, country, study type, time of selecting the research subjects, source area of selecting the research subjects, types of pets, age of disease development, statistical method, and type of asthma and confounders. Our outcome indicator was presented as the odds ratio (OR) value after confounders were controlled.

The aforementioned information extraction was carried out independently by two researchers (Ji and Yao) and cross-checked after completion. If there was any dissent, a third researcher (Zheng) was consulted to assist in determination.



Quality assessment

The types of the included original studies were cohort studies and case-control studies, and thus the Newcastle -Ottawa Scale (NOS) was used (10).

This scale evaluates the quality from three aspects: the selection of study groups, comparability between groups, and exposure/outcome. Among them, the highest scores in the selection of the study groups and the comparability between groups were 4 points and 2 points, respectively. If the exposure and outcomes were separately determined according to case-control study and cohort study, the highest score was 3 points. In the evaluation process, study with a score of >7 indicated high-quality research, and a score of 4-7 indicated moderate-quality research.

Quality assessment was conducted independently by 2 investigators (Ji and Yao) and cross-checked after completion. If there was any dissent, a third researcher (Zheng) was consulted to assist in determination.



Statistical analysis

The statistics used in our study were OR and the 95% confidence interval (OR (95%CI)). The heterogeneity index, I2, was used to measure the heterogeneity of each study. When I2 ≥50%, a random-effects model was used. When I2 <50%, a fixed-effects model was used. To determine the sources of heterogeneity, subgroup analyses according to pet types was conducted.

The funnel plot was used to visually illustrae publication bias. Begg and Egger’s tests were used to perform statistical tests. If there was publication bias, the cut-and-fill method was used to analyze the impact of publication bias on this meta-analysis. All statistical analyses were performed using Stata version 15.0 (StataCorp LLC, College Station, TX). P < 0.05 indicated that the difference was statistically significant.




Results


Results of literature screening

Based on our search strategy, a total of 5,558 studies were retrieved. After excluding duplicates and step-by-step screening, 60 studies were finally included in this meta-analysis. The screening process is shown in Figure 1.
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FIGURE 1
Flow chart of search process and reasons for exclusion.




Basic characteristics of the included studies

Among the 60 original studies, 18 were cohort studies (11–28) and 42 were case-control studies (7–9, 29–67), with 1,871,295 children included in this systematic review. The publication years of the included studies were from 1995 to 2021. The included studies covered 27 countries, with 26 from Europe, 15 from Asia, 12 from North America, 3 from Oceania, 3 from South America, and 1 from Africa. The detailed characteristics of the included studies were summarized in Table 1. In addition, the quality assessment results showed that most of the included studies were of high quality (Table 1).


TABLE 1    Characteristics of the included studies and the assessment of quality of the studies according to the Newcastle-Ottawa Scale (NOS).
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Meta-analysis results


The overall risk analysis on pet ownership and the onset of childhood asthma

A random-effects model (I2 = 79.1%) was used for the meta - analysis on 60 included studies. The results showed that the pet ownership was significantly correlated with the risk of childhood asthma onset (OR = 1.14, 95%CI: 1.08-1.21). Supporting information included the results of sensitivity analysis and publication bias assessment (Figure 2) (P < 0.05).
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FIGURE 2
Begg’s funnel plot of the association between pet ownership and childhood asthma.




Subgroup analysis

First, we performed a subgroup analysis based on pet types. The results of the meta-analysis on 33 studies (N = 716,085) showed that cat ownership is significantly related to the occurrence of childhood asthma (OR = 1.18, 95%CI: 1.05-1.33, I2 = 75.4%, Figure 3). The results of the meta-analysis on 36 studies (N = 1,728,907) showed that dog ownership is significantly associated with the occurrence of childhood asthma (OR = 1.12, 95%CI: 1.00-1.24, I2 = 79. 6%, Figure 4). The results of the meta-analysis on 11 studies (N = 86,743) showed that other furry pet ownership was not associated with the occurrence of childhood asthma (OR = 1.03, 95%CI: 0.82-1.30, I2 = 54.9%, Figure 5). This study takes samples mainly from schools (OR = 1.223, 95%CI:1.012∼1.480,I2 = 77.4%) and hospitals (OR = 1.132, 95%CI:1.040∼1.233,I2 = 79.0%). Only few studies conducted subgroup analysis by gender, so it is insufficient to conduct a subgroup analysis by gender in our study. In addition, our study demonstrated that pet ownership was also significantly associated with severe childhood asthma (OR = 1.15, 95%CI: 1.11-1.20, I2 = 67.9%, Figure 6).
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FIGURE 3
Forest plot of the association between cat ownership and childhood asthma.
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FIGURE 4
Forest plot of the association between dog ownership and childhood asthma.
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FIGURE 5
Forest plot of the association between furry pet ownership and childhood asthma.
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FIGURE 6
Forest plot of the association between pet ownership and severe childhood asthma.






Discussion

This systematic review and meta-analysis on a large number of original studies with quantities of observational samples presented that pet ownership was significantly correlated with the risk of childhood asthma. There was a clear relationship between cat and dog ownership and the risk of childhood asthma. In addition, pet ownership was associated with the risk of severe childhood asthma. These results were obtained after pooling individual studies and adjusting the confounders.

Bronchial asthma is the most common chronic airway inflammatory disease in children. In recent years, the incidence of this disease has been increasing in our country, and asthma has become a public health issue attracting global attention. The etiology of asthma is complicated and closely related to genetic background, environmental factors, and immune function, including vitamin D deficiency, gastrointestinal and respiratory microbiota, early exposure to antibiotics, smoking, air pollution, genetic risk factors, stress, ethnic differences, etc. (2).

Cats and dogs have been companions for humans for thousands of years. Pet ownership provide various health benefits for humans, including ameliorating loneliness, attenuating psychological changes, promoting relationships, and acting as a protective factor against certain diseases, such as cardiovascular disease (68). In spite of these advantages, our study found that pet ownership, especially cats and dogs, could increase the risk of childhood asthma.

Currently, the mechanism underlying the positive correlation betweeen pet ownershipand the risk of childhood asthma remains unclear. Herre et al. (69) found that cats could secrete a type of protein, Feld 1, which was similar to Derp 2, the allergen in dust mites. Feld 1 can enhance signaling through innate receptors TLR4 and TLR2. The allergen from dogs, Canf 6, is a type of lipoprotein allergens with similar charateristics to Feld 1. Studies believed that Feld 1 and Canf 6 belonged to a group of allergen immunomodulatory proteins which significantly amplified LPS/TLR signaling in macrophage-like cells, thereby enhancing innate immune signaling and promoting airway hypersensitivity in patients with asthma. Other studies have found (70, 71) that pet is the main source of household endotoxins. Endotoxins are considered as pro-inflammatory agents which may be associated with promoting asthma (71, 72). A study by Akramiene et al. (73) and Douwes et al. (74) found that pet ownership increased the indoor concentration of fungi and dust. β-(1, 3)-d-glucan (beta-glucan), a glucose polymer existing in the fungal cell wall, was positively associated with the variability of peak expiratory flow (PEF) in children with asthma. Maheswaran et al.(75) discovered that exposure to β-glucan was a risk factor for atopic asthma. β-glucan can induce DC to stimulate Th17 cells, and the activation of Th17 cells may trigger inflammatory responses.

In recent years, there has been increasing case-control or cohort studies with large sample size on the relationship between pet ownership and childhood asthma. A study by Morales-Romeroden et al. (51) found that exposure to cats and dogs increased the risk of childhood asthma. Ayuk et al. (29) found that cat ownership is associated with severe asthma after investigating 258,267 children aged 13-14 in 10 African centers. Eldeirawi et al. (36) discovered that exposure to such pets as cats and dogs in utero is linked to an increased chance of asthma when studying Mexican American children aged 4-18. In the study of the relationship between bronchial hyperreactivity and the occurrence of asthma in children at the age of 7, Park et al. (27) found that dog ownership significantly increases the risk of non-atopic asthma. In 2020, in a survey on 11,611 students in Zhongshan City, China, Zhang et al. (9) found that pet ownership was associated with the prevalence of childhood asthma and the occurrence of asthma-related symptoms, especially in those who owned cats, poultry or slept with pets. A study in Tianjin demonstrated that (8), exposure to pets at an early age was positively correlated with asthma in Tianjin. A survey of 12 districts in 3 cities in Liaoning Province presented that pet ownership increased the risk of childhood asthma. In a cohort study by Ali et al. (11) found that pet ownership was positively related with the prevalence of asthma. In a population-based birth cohort study by Strömberg Celind et al. (28), it was also discovered that cat ownership increased the risk of uncontrolled asthma. The findings of these studies were consistent with our results on the association between pet ownership and childhood asthma, suggesting that our conclusion was reliable. Sensitivity analysis also proved the reliability of our results.

There were some advantages in our study. First, our research was based on a large number of studies with large sample size, which ensured the level of evidence. Second, the time of the studies included in our research was continuous, from 1995 to 2021. There will be literature reports in 2021. Third, the included studies involved all regions around the world, which weakened the influence brought by environment, race, and attitudes to a certain extent. Fourth, there was no publication bias in our research. Last, this research was the first proposing the association between pet ownership and severe asthma. Nonetheless, there were still some limitations. First, limited to the information in the original studies, we could not summarize the relationship between pet ownership and risk of childhood asthma according to different age groups. Second, limited to the information in the original studies, we were unable to obtain detailed information on the types of pets. Third, it was impossible to quantify and compare the risk of asthma in children with various pets other than cats and dogs.



Conclusion

We found that pet ownership, especially cats and dogs, was positively correlated with the occurrence of childhood asthma. Pet ownership was also positively correlated with the occurrence of severe childhood asthma. However, we did not deny human’s love for pet. When raising pets, it is better to choose those with less impact on the occurrence of childhood asthma. Furthermore, the contact of pets with infants should be avoided. At the same time, hygiene management of pets requires to be enhanced.
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1993-1994

2003-2015

1995.07~1996.08
1991.4.1~1992.12.31

1996-1997
2010-2012
1995.03~04
1995.10~1997.11
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999.03-07

996-2000
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992-1999

2002.03-09

995-2002

2004
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1994.03-1995.02
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1992-1993
2006
1998.10-1999.12
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3,768

1,871
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