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Objective: To evaluate the associations between childhood, parental, and grandparental asthma.

Methods: We studied 59,484 children randomly selected from 94 kindergartens, elementary, and middle schools in seven Chinese cities from 2012 to 2013, using a cross-sectional survey-based study design. Information on their and their family members' (parents, paternal grandparents, and maternal grandparents) asthma status were reported by children's parents or guardians. Mixed effects logistic regressions were used to assess hereditary patterns of asthma and mediation analysis was performed to estimate the potential mediation effect of parents on the association between grandparental asthma and childhood asthma.

Results: The magnitude of ORs for childhood asthma increased as the number of family members affected by asthma increased. Among children who had one family member with asthma, childhood asthma was associated with asthma in maternal grandmothers (OR: 2.08, 95% CI: 1.67–2.59), maternal grandfathers (OR: 2.08, 95% CI: 1.71–2.53), paternal grandmothers (OR: 2.40, 95% CI: 1.93–2.99), and paternal grandfathers (OR: 2.59, 95% CI: 2.14–3.13). Among children who had two family members with asthma, the highest asthma risk was found when both parents had asthma (OR: 15.92, 95% CI: 4.66–54.45). Parents had a small proportion of mediation effect (9–12%) on the association between grandparental asthma and childhood asthma.

Conclusions: Grandparents with asthma were associated with childhood asthma and parents with asthma partially mediated the association.
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INTRODUCTION

One of the most common chronic diseases occurring among children is asthma. Asthma is characterized by shortness of breath, rapid breathing, chest tightness, and wheezing (1, 2). The prevalence of childhood has increased globally (3). In China, the prevalence of asthma in children increased from 0.91% in 1990 to 2.12% in 2010 (4). Asthma is one of the foremost reasons why children miss school days, visits the emergency department, and it can even affect a child's long-term health by impairing their lung function and increasing their risk of developing Chronic Obstructive Pulmonary Disease (COPD) (5). The etiology of childhood asthma is not fully understood. Thus, identifying its risk factors could increase early detection of the disease and prevent adverse outcomes later in life.

Asthma is genetically heritable with estimates derived from twin studies ranging widely from 35 to 70% (6). Although genome-wide research has identified a number of asthma susceptibility loci, e.g., 17q12-21(ORMDL3, GSDMB), 2q12 (IL1RL1/IL18R1), and 5q22 (TSLP) (7), they only account for a small fraction of the heritability and there are still genetic risk factors waiting to be unveiled (8, 9). As such, family history could provide useful information for gene susceptibility if shared environmental factors were controlled (10). Parents with asthma have been widely reported to contribute to increasing their offspring's asthma risk (11, 12). However, the relative roles of maternal and paternal asthma on their offspring's risk of asthma is controversial. Some studies found that maternal asthma had a stronger impact than paternal, whereas others had the opposite finding (13, 14). Importantly, grandparents are relatives who share 25% of a person's genes (15). Despite the usefulness of data on grandparental asthma, studies are relatively rare that have incorporated grandparental asthma into the risk equation for the etiology of childhood risk for asthma.

Given this research context, the aim of the present study was to investigate the multi-generational hereditary patterns of asthma. We estimated the familial risks of asthma for children who had parents, maternal grandparents, and paternal grandparents affected by asthma after controlling for potential environmental risk factors (e.g., passive smoke exposure, ambient air pollution, and pet kept in home) (16–18). In addition, we also estimated the role of parents' asthma on the association between childhood asthma and grandparental asthma.



METHODS


Study Cities and Participants

Selection of the study cities and participants has been described previously in detail (19). In short, the cross-sectional study was conducted in 27 districts of seven northeast cities in China from 2012 to 2013, including six districts in Shenyang, three districts in Anshan, three districts in Benxi, five districts in Dalian, three districts in Dandong, four districts in Fushun, and three districts in Liaoyang. In each district, one or two kindergarten schools, primary schools, and middle schools were randomly selected (Supplementary Method 1). Totally, 94 kindergartens/schools were selected. In each grade of the selected school, one class was randomly chosen and all the students in the class were enrolled in the study. In total, we obtained 68,647 participants aged 0–20 years.

This study was carried out in strict accordance with the World Medical Association Declaration of Helsinki Ethical Principles for Medical Research Involving Human Subjects. The Human Studies Committee of Sun Yat-sen University approved the protocol. Before the study initiation, a signed informed consent was collected from all parents or guardians.



Questionnaire

The information on doctor-diagnosed asthma among participants was collected by the Chinese version of the Epidemiologic Standardization Project Questionnaire of the American Thoracic Society (ATS-DLD-78-A), which was completed by parents or guardians. Doctor-diagnosed asthma was defined by the question “Has a doctor ever diagnosed this child with asthma?” In addition, asthma diagnoses for family members were also collected by the questions “Has this child's father ever had asthma?,” “Has this child's mother ever had asthma?,” “Has this child's paternal grandfather ever had asthma?,” “Has this child's paternal grandmother ever had asthma?,” “Has this child's maternal grandfather ever had asthma?,” and “Has this child's maternal grandmother ever had asthma?.” Based upon the total number of family members affected by asthma, participants were classified into four groups: no family member affected, 1 family member affected, 2 family members affected, and ≥ 3 family members affected.



Covariates and Mediator

Information on covariates related to asthma was obtained from the questionnaire, including age (<5 years, 5–10 years, 10–15 years, and ≥15 years), gender (boy/girl), exercise time (hours per week), family income per year (<10,000 RMB, 10,000–29,999 RMB, 30,000–99,999 RMB, or ≥100,000 RMB), parental education (the highest educational level attained by either parent ≥ high school or lower), low birth weight (birth weight <2,500 g), premature birth (gestational age <37 weeks), breastfeeding (child being mainly breastfed for at least 3 months), obesity (yes/no), passive smoke exposure (child living with someone of the household who smokes daily at residence), home coal use (yes/no), pet kept (yes/no), and exposure to particulate matter with aerodynamic diameter <2.5 μm (PM2.5) (<48.97, 48.97–56.23, 56.23–60.57, or ≥60.57 μg/m3). The assessment of personal PM2.5 exposure has previously been described in detail (19, 20). The average PM2.5 concentration during 2009–2012, estimated based on each participant's residence using a machine learning method, was regarded as a surrogate of individual exposure (Supplementary Method 2). Participants were categorized into four groups based on quartiles of the PM2.5 concentration to which they were exposed. A directed acyclic graph (DAG) was drawn by the online tool DAGitty (http://dagitty.net/dags.html) (Supplementary Figure 1). Variables, containing passive smoke exposure, home coal use, pet kept. and PM2.5 exposure, were identified as potential confounders that needed adjusting in the model. In addition, having a parent with asthma was identified as a potential mediator.



Statistical Analysis

The Chi-square test was used to compare categorical variables and t-test was used to compare continuous variables between asthma group and non-asthma group. Since the outcome (asthma in this study) was a dichotomous variable and participants from the same district tended to be similar, a mixed effects logistic regression was employed to estimate associations of different family history types with childhood asthma (Supplementary Method 3). Districts were considered as random effect. The odds ratios (ORs) and 95% confidence intervals (CIs) for participants who had 1, 2, or ≥ 3 family members affected were calculated after controlling for potential confounders, including passive smoke exposure, home coal use, pet kept and PM2.5 exposure. The reference group was participants who had no family members affected by asthma. Mediation effects of parents between grandparental asthma and childhood asthma were estimated after adjustment for potential confounders using R package mediation. The proportion mediated was the indirect effect divided by the total effect and 95% CIs were estimated using quasi-Bayesian approximation (100 simulations). In addition, a number of sensitivity analyses were conducted by adding covariates (age, sex, exercise time, family income per year, parental education, low birth weight, premature birth, breastfeeding, obesity) that are potentially related to asthma to the model. P < 0.05 was considered statistically significant. Data analyses were conducted using R version 3.6.3. The computation was run using the high-performance computer system in the School of Public Health at Sun Yat-sen University.




RESULTS

Among 68,647 participants, 63,910 (93.1%) returned the study questionnaires and 59,484 (86.7%) questionnaires were valid. The average age of the final participants was 10.23 years, and 49.39% were girls (Table 1). The prevalence of childhood asthma was 7.77%. Of those 4,619 participants diagnosed with asthma, 585 cases (12.67%) had one family member affected by asthma, 73 cases (1.58%) had two affected family members and 13 cases (0.28%) had at least three affected family members.


Table 1. Characteristics of participants.
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Figure 1 shows the adjusted ORs for childhood asthma by the number of family members affected by asthma. The ORs were 2.58 (95% CI: 2.34–2.84), 4.63 (95% CI: 3.53–6.08), and 7.38 (95% CI: 3.70–14.73) when one, two and at least three family members were affected, respectively, and the trend was statistically significant (P < 0.001). The crude ORs that are shown in Supplementary Table 1 were slightly greater than the adjusted ORs.


[image: Figure 1]
FIGURE 1. Adjusted ORs and 95%CIs for childhood asthma by the number of family members affected by asthma compared to those without any family member affected. Adjusted for passive smoke exposure, home coal use, pet kept and PM2.5 exposure. Asthma cases: 3,529 cases with 1 family member affected, 279 cases with 2 family members affected, and 35 cases with ≥3 family members affected.


Among children with one family member affected by asthma, those with affected fathers had the highest adjusted OR (4.89, 95% CI: 3.72–6.42, Cases: 75), followed by those with affected mothers (OR: 3.94, 95% CI: 2.99–5.20, Cases: 67), paternal grandfathers (OR: 2.59, 95% CI: 2.14–3.13, Cases: 132), maternal grandfathers (OR: 2.40, 95% CI: 1.93–2.99, Cases: 97), paternal grandmothers (OR: 2.08, 95% CI: 1.71–2.53, Cases: 119), and maternal grandmothers (OR: 2.08, 95% CI: 1.67–2.59, Cases: 95) (Figure 2). The corresponding crude ORs are shown in Supplementary Table 2.
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FIGURE 2. Adjusted ORs and 95%CIs for asthma among children with one family member affected by asthma compared to those without any family member affected. Adjusted for passive smoke exposure, home coal use, pet kept and PM2.5 exposure. Asthma cases: 75 cases with affected fathers, 67 cases with affected mothers, 132 cases with affected paternal grandfathers, 97 cases with affected maternal grandfathers, 119 cases with affected paternal grandmothers, and 95 cases with maternal grandmothers.


Among children with two family members affected by asthma, the odds of asthma when both parents were affected (OR: 15.92, 95% CI: 4.66–54.45, Cases: 5) or when the father and paternal grandfather were affected (OR: 11.11, 95% CI: 5.77–21.38, Cases: 16) were higher than for other family history types, including paternal grandparents affected (OR: 5.04, 95% CI: 2.45–10.37, Cases: 10), maternal grandparents affected (OR: 4.39, 95% CI: 1.88–10.27, Cases: 7), father and paternal grandmother affected (OR: 3.64, 95% CI: 1.35–9.83, Cases: 5), mother and maternal grandfather affected (OR: 5.54, 95% CI: 1.46–21.07, Cases: 3), or mother and maternal grandmother affected (OR: 6.72, 95% CI: 2.86–15.81, Cases: 8) (Figure 3). The crude ORs shown in Supplementary Table 3 were slightly higher than the adjusted ORs.
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FIGURE 3. Adjusted ORs and 95%CIs for asthma among children with two family members affected by asthma compared to those without any family member affected. Adjusted for passive smoke exposure, home coal use, pet kept and PM2.5 exposure. Asthma cases: 5 cases with affected parents, 10 cases with paternal grandparents affected, 7 cases with maternal grandparents affected, 16 cases with father and paternal grandfather affected, 5 cases with father and paternal grandmother affected, 3 cases with mother and maternal grandfather affected, and 8 cases with mother and maternal grandmother affected.


After adjusted for passive smoke exposure, home coal use, pet kept, PM2.5 exposure, age, sex, exercise time, family income per year, parental education, low birth weight, premature birth, breastfeeding and obesity, the results of sensitivity analyses in Supplementary Tables 4–6 were generally consistent with the main findings.

Table 2 shows the proportion of the effect of grandparental asthma on their grandchildren's asthma that was mediated by parental asthma. Paternal asthma significantly mediated the association of childhood asthma with paternal grandfather asthma (12%, P < 0.001) and paternal grandmother asthma (11%, P < 0.001), and maternal asthma significantly mediated the association of childhood asthma with maternal grandfather asthma (6%, P < 0.001) and maternal grandmother asthma (9%, P < 0.001).


Table 2. Mediation effect of parental asthma between grandparental asthma and childhood asthma.
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DISCUSSION

Relatively little is known regarding the multi-generational hereditary patterns of asthma. Taking advantage of a unique data source, we found that a family history of asthma was associated with a marked increase in the odds of childhood asthma and the magnitude of ORs increased as the number of affected family members enlarged. More specifically, independent of having a parent with asthma, a paternal grandparent or a maternal grandparent with asthma could increase the risk of children developing asthma. Children with a father and parental grandfather affected by asthma had less asthma risk than those with parents affected, but they had a higher risk than those with two other family members affected by asthma. In addition, we also identified that parental asthma partially mediated the associations between childhood asthma and grandparental asthma.

By combining family history of parents and grandparents affected by asthma, we observed that the magnitude of ORs for childhood asthma increased exponentially as the number of affected family members increased and the trend was statistically significant, suggesting that a combined family history could be used as a tool to predict the potential risk of a child developing asthma. A family history of a parent affected by asthma has been widely reported to increase asthma risk. For instance, a review of 33 studies found that the ORs of asthma for children with fathers affected by asthma ranged from 1.5 to 7.2, and for those with mothers affected ORs ranged from 1.5 to 9.7 (21). In our study, the ORs for a family history of father affected and mother affected were 4.89 and 3.94, respectively, which fell within the range observed in other studies.

It remains equivocal and somewhat controversial whether paternal or maternal asthma has a greater impact on the development of childhood asthma. We observed that children who had a father affected by asthma were at a greater risk than those with a mother affected. We also observed that although the ORs of asthma for those having a father and paternal grandfather with asthma were less than those having two parents with asthma, they were much higher than those who had two other family members with asthma, suggesting that inheritance of asthma tends to be paternally linked. The specific underlying biological mechanisms involved in these pathways is poorly understood. However, studies have identified that a family history of paternal asthma was associated with airway hyperresponsiveness (AHR) in children with asthma, whereas a family history of maternal asthma was not (22, 23). Since AHR is a major characteristic of asthma, it is speculated that genetic risk factors for AHR passed down from the father's side might contribute to childhood asthma (23). Nevertheless, as the number of the participants who had both father and grandfather with asthma was small in the present study, this finding needs to be replicated in larger samples.

A family history of second-degree relatives has been shown to be a robust risk factor for many diseases (24, 25), but studies investigating the impact of second-degree relatives on the development of childhood asthma are limited. A study on a Utah population found that a family history of second-degree relatives who died of asthma could increase the risk of asthma mortality by 34% (95% CI: 9–62%) (26). A previous study reported that, among 823 children diagnosed with asthma, 69.8% had a family history of asthma, of which 14.2% had an affected grandmother, 6.5% had an affected grandfather, and 3.3% had both affected grandparents (27). Valerio et al., who investigated intergenerational asthma, found that a family history of grandparental asthma was associated with childhood asthma and children with a parent and grandparent affected by asthma were at over four times greater risk of developing asthma compared to those with no parent and grandparent affected (28). Notably, these studies did not consider lineage (paternal grandparents or maternal grandparents), which have differential influences on certain diseases (29, 30). In our study, based on a sufficiently large sample, we were able to distinguish between grandparents of paternal and maternal lineage. Our results showed that a family history of either a paternal grandparent or a maternal grandparent having asthma was associated with an increased risk of childhood asthma independent of parental asthma, although the impact on the asthma risk was less than the impact of a family history of a parent having asthma. This finding suggests that shared asthma susceptibility genes play a small role in transgenerational inheritance. Furthermore, the results of our mediation analysis, which showed a small proportion of mediation effect of parental asthma, supports this observation. It is important to reiterate that asthma is a complex disease, and gene-gene and gene-environment interactions which influence asthma susceptibility may lead to the transgenerational inheritance of asthma from grandparents to grandchildren–in effect, skipping over the parents.

In our study, we recruited a large number of participants, which allowed us to differentiate paternal and maternal grandparents and to investigate the associations between family history of a grandparent with asthma and asthma risk in grandchildren. Environmental factors are obvious confounders for family history used to predict the hereditary patterns of a disease (10). In the present investigation, we controlled for a series of environmental factors associated with asthma, including PM2.5, a major ambient air pollution in recent years in China. Our study, however, has several limitations. Information on both childhood asthma and family history of asthma was obtained from self-reported questionnaires rather than hospital discharge registries, which may influence recall bias and misclassification of family history. Due to the one child-policy in China, the asthma diagnoses of siblings, which is an important genetic risk factor for a hereditary disease was left unevaluated and it may interpret the fact that the percentage of asthma cases who had family history in this study was relatively lower than that reported by Sheikh et al. (27). In addition, the small proportion of people who had at least two family members affected with asthma caused the large confidence intervals in Figures 1, 3. However, the lower 95%CIs for OR in each category were statistically higher than 1.



CONCLUSIONS

In this study, we found that childhood asthma increased as the number of family members affected by asthma increased. A family history of a grandparent with asthma was associated with childhood asthma and the association was only partially mediated by a parent with asthma. In addition, children who had a father and a parental grandfather with asthma had a comparable magnitude of asthma risk to those who had both parents diagnosed with asthma. Although preliminary, our findings could be employed in a screening approach to identify children who may be a high risk of developing asthma in early childhood.
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