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Home dampness, Beta-2 adrenergic receptor genetic polymorphisms, and asthma phenotypes in children
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Abstract
Background: Dampness in the home is a strong risk factor for respiratory symptoms and constitutes a significant public health problem in subtropical areas. However, little is known about the effects of dampness and genetic polymorphisms on asthma.
Methods: In 2007, 6,078 schoolchildren were evaluated using a standard questionnaire with regards to information about respiratory symptoms and environmental exposures. Multiple logistic regression analyses were performed to assess the association between beta-2-adrenergic receptor (ADRB2) gene polymorphisms and home dampness frequency and degree on the prevalence of asthma and selected indicators of severity of asthma. 
Results: The frequency of mildewy odor, the number of walls with water stamp, and the duration of water damage were all associated with being awakened at night due to wheezing. However, no other clear-cut associations were found for any of the other indicators of asthma. Children exposed to mildewy odor with ADRB2 Arg/Arg genotype were associated with being awakened at night due to wheezing (OR=1.95, 95% CI, 1.14-3.36), compared to those without exposure and with ADRB2 Gly allele. ADRB2 Arg16Gly showed a significant interactive effect with home dampness on being awakened at night due to wheezing  and current wheezing, but no significant effect on active asthma and medication use. The frequency and degree of home dampness was also associated with in an exposure-response manner among children with ADRB2 Arg/Arg genotype. 
Conclusions: Home dampness prevention is one of the important steps of asthma control, especially in children carrying ADRB2 Arg/Arg genotypes.
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Introduction
The prevalence of asthma varies in different geographic areas (Zanolin et al., 2004). In addition to genetic susceptibility, both climate and residential environment are important determinants that contribute to such differences (Zanolin et al., 2004; Wang et al., 2007). The year-round warm temperatures (18 to 28ºC) and high relative humidity (80%) in subtropical areas result in moist housing, with estimates ranging from 18% to 50% of buildings (Han et al., 2009; Mudarri et al., 2007). In these areas, home dampness constitutes significant public health problems and economic burdens (Yang et al., 1998; Mudarri et al., 2007). Evidence has also shown that the positive percentages of specific IgE antibodies to inhaled allergens leading to asthma were higher in a subtropical city than in a temperate city (Agata et al., 1994). Dampness in dwellings may cause water damage, wet spots, visible mold, mildewy odor and create conditions ideal for the growth of bacteria, fungi, mites, and even virus (Camara et al., 2004). Furthermore, emissions from building materials caused by dampness and microbial growth may be involved in indoor air health problems. Since the adverse effects of water damage have been found to be perennially related to childhood asthma, eliminating dampness-related agents should be the primary steps of asthma control (Han et al., 2009). 
Fungi, a kind of aeroallergen, are very common in the environment, and respiratory exposure to airborne spores is almost constant. When excessive moisture accumulates in buildings (relative humidity level above 60%), mold growth will often occur, particularly if the moisture problem remains unaddressed (Storey et al., 2004). There are four kinds of health problems that come from exposure to mold: a

 HYPERLINK "http://www.healthandenergy.com/101_allergy_tips.htm" llergic reactions, irritation of tissues, infections, and toxic effects due to mycotoxins (Storey et al., 2004). A prospective cohort study of 1,984 children from Finland demonstrated that exposure to mold influenced the development of asthma in childhood (Jaakkola et al., 2005). In our longitudinal cohort study in Taiwan, we found that fungi play a role in infantile atopic diseases (Wang et al., 2007). Other studies also indicate that early exposure to mold and dampness problems predict the development of asthma, wheezing, and bronchial obstruction, during the first 2 years of life (Wickman et al., 2003). Mold may also release toxic volatile organic compounds that are associated with "Sick Building Syndrome"(Claeson et al., 2009). Therefore, assessing the health effects associated with fungal exposure in children is urgently needed.

The β2-adrenergic receptor (β2AR) gene (ADRB2) on chromosome 5q31-q32, is expressed on the surface of airway smooth muscle cells and plays an important role in airway reactivity (Shek et al., 2001). Previous studies revealed that the two most common single-nucleotide polymorphisms in the ADRB2 gene, Arg16Gly and Glu27Gln, are related to asthma susceptibility (Liggett, 2000). However, some epidemiologic studies investigating the associations of ADRB2 polymorphisms and asthma have produced inconsistent results (Thakkinstian et al., 2005; Holloway et al., 2000; Turner et al., 2004; Hall et al., 2006). Furthermore, meta-analyses that merged data from these studies failed to demonstrate significant associations with asthma (Hall et al., 2006). Failing to take into account environmental factors that regulate receptor activity may account for the discrepancies of these studies (Wang et al., 2001).
Home dampness has been reported to be related to childhood asthma. However, there has been no relevant published literature concerning genetic modification effects on the pathogenesis pathway of dampness exposure. Since ADRB2 polymorphisms may play a role in airway reactivity and asthma susceptibility and dampness exposure may lead to respiratory tracts irritation and asthma exacerbation, we wanted to evaluate the gene-environment interaction between ADRB2 genetic polymorphisms and home dampness exposure on childhood asthma. To assess the joint effects of home dampness exposure and ADRB2 polymorphisms, we asked 3 research questions: (1) Is exposure to home dampness during childhood associated with asthma? (2) Are ADRB2 Arg16Gly and Glu27Gln polymorphisms associated with asthma? (3) Does home dampness exposure show stronger associations with asthma in children with ADRB2 polymorphisms?
Materials and Methods

Study population
Two cohorts of children were recruited from public schools in 14 communities that were selected based on demographic similarities and a cooperative school district in Taiwan Children Health Study. In each classroom targeted for participation, every student was invited to volunteer. Classroom-level incentives were used to encourage participation. In each school, science, health, or physical education classes were targeted, excluding any special classes for gifted or learning-disabled subjects.The first cohort of 4,134 seventh-grade children was enrolled in 2007, and the second cohort of 2,839 fourth-grade children was enrolled in 2010. The response rate for first cohort was 86.5% and was 75.5% for second cohort. The parents or guardians of each participating student provided written informed consent and completed a questionnaire, which provided demographic information and characterized each participant’s history of respiratory illness and associated risk factors, exposure information, and household characteristics. All of the selected subjects were Han Chinese, with the premise that they were rather homogeneous. The study protocol was approved by the institutional review board of our university hospital and complied with the principles outlined in the Helsinki Declaration.

Health effects assessment

The parents’ questionnaire responses were used to categorize children’s asthmatic and wheezing status as previously described (Tsai et al., 2010). Active asthma was defined as physician-diagnosed asthma with any asthma-related symptoms or illnesses in the past 12 months. Children were considered as having lifetime asthma if the answer to the question “Has a doctor ever diagnosed this child as having asthma?” was a yes. Medication use was defined as use of any inhaled, oral, or intravenous medication in the past 12 months. Current wheezing was determined by a positive response to the question, “Has your child ever had wheezing or whistling in the chest at any time in the past 12 months when he/she did not have a cold or the flu?” Being awakened at night was determined by a positive response to the question, “In the past 12 months, how often, on average, has your child’s sleep been disturbed due to wheezing?” 
Dampness measurements 

In the baseline questionnaire, we collected information about four dampness indices at home. Visible mold exposure was determined by the question “Have you had visible mold in the walls or bathroom in your house in the past 12 months?” Mildewy odor was defined as the parents having perceived mould odor in the house during the past 12 months. Water stamp on the wall was defined as parents having perceived wet stamps because of moisture in the ceilings, floors or walls in their houses during the past 12 months. Water damage was defined by the question "Have you ever had water damage in your house in the past 12 months?" The subgroup of visible mould and water stamp on the wall was divided into 3 categories as follows: none, one wall, and two or more than two walls with visible mold or water stamps at home. The frequency of mildewy odor was categorized as none, seldom, and monthly or more than monthly. The frequency of water damage was divided into none, one day, and two or more than two days.

Analysis of genetic polymorphisms

DNA collection and genotyping Cotton swabs containing oral mucosa were collected and were immediately maintained at -80°C throughout transfer and storage. Genomic DNA was isolated using the phenol/chloroform extraction method previously described with some modifications (Gill et al., 1985). Two ADRB2 functional single-nucleotide polymorphisms were selected for genotyping in this study: rs1047213 (Arg16Gly) and rs1042714 (Gln27Glu) and were detected by real-time polymerase chain reaction using the TaqMan Allelic Discrimination assay on an ABI PRISMTM 7900 Sequence Detector (Applied Biosystems; Foster City, California). Our primer and probe sequences are listed in Table S1. All assays were performed by workers unaware of the clinical status of individual subjects, and genotype assignments were based on two consistent experimental results. 

Statistical analysis
Multiple unconditional logistic regression models adjusted for major covariates were developed to examine the effects of dampness with ADRB2 genotypes on the prevalence of asthma and selected indicators of severity of asthma. To further assess gene-environmental interaction, the combined association of home dampness and ADRB2 Arg16Gly genotypes was examined by stratifying subjects into four groups: no visible mold Gly/Gly or Gly/Arg genotypes, no visible mold Arg/Arg, visible mold Gly/Gly or Gly/Arg, and visible mold Arg/Arg. With regards to ADRB2 Gln27Glu genotypes, the genotypes were also stratified into four groups: no visible mold Glu/Glu or Glu/Gln, no visible mold Gln/Gln, visible mold Glu/Glu or Glu/Gln, and visible mold Gln/Gln. 
Gene-environmental interaction was tested by adding a product term in the regression model. For categorical variables with more than two categories, the gene-environmental interaction was evaluated using the likelihood ratio test, comparing the model with indicator variables for the cross-classified variables with a reduced model containing indicator variables for the main effects only. Within a genotype category, a one degree of freedom trend test was used to evaluate the possible exposure-response relationship across categories of the home dampness variables. Odds ratio (OR) and a 95% confidence interval (CI) were adjusted for important potential confounders in all analyses. Potential confounders from the literature reviews, such as age, gender, cohort, parental education, family income, parental history of asthma or atopy, gestational age, residence, community, maternal smoking, environmental tobacco smoke exposure, incense burning, pets raising, carpets at home, and number of siblings were all taken into consideration (Jaakkola et al., 2005; Wang et al., 2007; Han et al., 2009). The selection of confounders that were included in the model was based on a priori consideration and standard statistical procedure of 10% change in point estimates (Tong et al., 2001).

Results

A total of 6,973 children with completed questionnaires were enrolled in this study, 895 subjects were excluded due to active smoking or a lack of genotyping data. Of the 6,078 participants included in the final analysis, 38.7% had visible mold on the wall, 16.3% had mildewy odor, 28.4% had water stamp on the wall, and 9.9 % had water damage. Table 1 outlines the demographic characteristics of the study population. Children in cohort 2 were slightly younger, and included a higher proportion of highly educated parents than those in cohort 1. Children in cohort 1 were more likely to have parental atopic histories. However, the distribution of gender, household ETS exposure, and respiratory outcomes was not significantly different between cohort 1 and 2 (Table 1).
The overall genotype frequencies were 32.71% for ADRB2 Arg16Gly Arg/Arg polymorphisms and 82.71% for Gln27Glu Gln/Gln polymorphisms (Table 2). The genotype frequencies matched the prediction by the Hardy–Weinberg theorem based on the allele frequencies. There were no significant differences between boys and girls.
The frequency of mildewy odor (OR=1.65, 95% CI, 1.17-2.46), the number of walls with water stamp (OR=1.40, 95% CI, 1.01-1.95), and the duration of water damage (OR=1.47, 95% CI, 1.16-2.81) were associated with being awakened at night due to wheezing (Table 3). However, no other clear-cut associations were found for any of the other indicators of asthma. Children exposed to mildewy odor with ADRB2 Arg/Arg genotype was associated with being awakened at night due to wheezing (OR=1.95, 95% CI, 1.14-3.36), compared to children without exposure with ADRB2 Gly allele (Table 4). The ADRB2 Arg/Arg genotype had a positive relationship with current wheezing, but did not reach statistical significance (Table 4). In a mutually adjusted model of potential confounders, ADRB2 Arg16Gly showed a significant interactive effect with home dampness on being awakened at night due to wheezing (P for interaction=.007) and current wheezing (P for interaction=.04), but no significant effect on active asthma and medication use (Table 4). The joint effects of home dampness and Arg16Gly genotypes on lifetime asthma were not statistically significant (data not shown). Furthermore, ADRB2 Gln27Glu genotypes were not significantly associated with asthma phenotypes (Table S2). Analyses of Gln27Glu genotypes did not show significant interactive effects (Table S3). 

Since only the ADRB2 Arg/Arg genotype was associated with asthma phenotypes, the association between frequency of home dampness and Arg16Gly genotypes on asthma and wheezing was further examined. After stratification by Arg16Gly genotypes, the duration of water damage was associated with active asthma in an exposure-response manner among children with ADRB2 Arg/Arg genotype (P for trend= .05) (Table 5). Number of walls with visible mold (P for trend= .03) and with water stamp (P for trend= .01) were associated with current wheezing while number of walls with water stamp (P for trend <.001) and duration of water damage (P for trend <.001) were associated with medication use in an exposure-response manner (Table 5).
Discussion  

This study contributes to related literature on the potential association among home dampness, genetic polymorphisms, and asthma phenotypes in children. The combination effects of home dampness exposure and ADRB2 polymorphisms on childhood asthma have not been previously studied. Our findings indicated that the frequency and degree of home dampness were associated with being awakened at night due to wheezing. ADRB2 Arg/Arg genotype was associated with being awakened at night due to wheezing. In addition, children carrying the ADRB2 Arg/Arg genotype are most susceptible to the adverse effects of home dampness. 
Since the frequencies of home dampness were associated with being awakened at night due to wheezing instead of lifetime asthma, it is suspected that home dampness might play a more important role in exacerbating asthmatic symptoms than asthma prevalence among children with ADRB2 Arg/Arg genotype. Taskinen et al. (1999) found that asthma exacerbation symptoms were more common in a damp moldy school. However, the prevalence of asthma was similar among children attending a school with moisture and mold problems compared with a control school. Raphoz et al. (2010) also indicated that fungus spores might be implicated in the exacerbation of asthma among children, most notably in the case of first-time visits to emergency departments. A review of the epidemiologic evidence also strongly suggested the causation of asthma exacerbation in children (Mendell et al., 2011). Furthermore, Woodcock et al. (2006) discovered that fungi were found in substantial quantities in normal bedding at home. Given the time spent sleeping, and the proximity of the pillow to the airway, synthetic and feather pillows could be the primary source of fungal products. Hirsch et al. (2000) also reported that fungi and house dust mite antigen concentrations might increase in bedrooms after the installation of insulated windows and central heating systems. These findings may account for why fungi and home dampness were associated with being awakened at night due to wheezing in our study. The above implications are important considerations for asthma prevention in children.

Our study suggests a gene-environment interaction between the ADRB2 Arg16Gly genotype and home dampness with individual susceptibility to being awakened at night due to wheezing. Consistent with previous studies with regards to tobacco smoke exposure (Wang et al., 2008; Zhang et al., 2007), we found that the effect of home dampness remained only in the ADRB2 Arg/Arg genotype group after stratification by ADRB2 Arg16Gly genotypes. The possible explanations for the results were as follows. On one side, the physiologic role of the β2AR includes bronchodilation, anti-inflammatory actions, mucociliary clearance, vascular endothelial permeability, bronchoprotection, the activation of extracellular signal-regulated kinases in airway smooth muscle cells that contribute to mitogenesis, and the signaling of cholinergic receptors that control airway contractility (Broadley, 2006; Hizawa, 2009). On the other side, exposure to mold can lead to irritation of the respiratory tracts (Storey et al., 2004). Immediate or delayed allergic reactions include sneezing, wheezing, difficulty in breathing, hay fever-type symptoms, and dermatitis may also occur (Storey et al., 2004). Furthermore, mold can trigger asthma attacks in sensitized individuals. Evidence has demonstrated a close association between fungal sensitization and asthma severity (Denning et al., 2006). Given the existing evidence, the effect of the ADRB2 gene may be expressed by increasing bronchoconstriction which was further accentuated by dampness exposure leading to wheezing and asthma exacerbation (Storey et al., 2004; Broadley, 2006). 
Similar to some previous studies, we did not find any statistically significant associations between ADRB2 Arg16Gly and Gln27Glu polymorphisms and asthma (Turner et al.,2004; Wang et al., 2008). However, interaction between the ADRB2 Arg16Gly genotype and home dampness with being awakened at night due to wheezing was noted. It is reported that ADRB2 polymorphisms were not etiologically involved in the development of asthma, but they may play a role in the pathogenesis of asthma severity (Holloway et al., 2000; Hizawa, 2009). Turner et al. demonstrated that Arg16Gly polymorphism may be important to the association between increased airway responsiveness and reduced lung function and may also be a determinant of asthma severity but not asthma (Turner et al., 2004). Moreover, Thakkinstian et al. found the ADRB2 Glu/Glu genotype has a decreased risk of childhood asthma as compared with other genotypes (Thakkinstian et al., 2005). However, that finding was not replicated in a larger study and a meta-analysis study (Hall et al., 2006). In summary, the weight of the evidence of the association between ADRB2 polymorphisms and asthma goes in null direction. It further implicates that environmental triggers by home dampness need to be taken into account when evaluating the effects of ADRB2 variants on exacerbating asthmatic symptoms. 
This study has some potential limitations that may influence the interpretation of our results. First, we used questionnaire and no objective data on mold exposure or sensitization was available because dampness exposure was difficult to measure due to highly variable in time and intensity. However, the validity of the questionnaire on measuring dampness exposure has been recognized by a strong association between inspectors and self-reported, and several studies have applied self-reported housing conditions alone without measuring mold exposure (Jedrychowski et al., 1998; Yang et al., 1998). In addition, sampling and culturing for molds are not reliable in determining the related health risks since the susceptibility of individuals can vary greatly (Storey et al., 2004). Therefore, failing to achieve objective exposure assessments and sensitization of fungi does not interfere with our results very much and does not prevent us from taking actions to reduce home dampness (Storey et al., 2004; Mendell et al., 2011). Another limitation was the recall bias with regards to respiratory outcomes. The recall of asthma status was assessed in a subset of the study population and found that the concordance of parental reports of asthma and medical records’ documentation of asthma was good. The other limitation was the cross-sectional study design, which failed to demonstrate the causal relationship. The study population might not be representative of the target population. Nevertheless, we compared the demographics of our cohort with Taiwanese population of the same age and found there were no large differences. One of the strengths of this study is its inclusion of a large and socio-demographically diverse population of children in Taiwan. Unbiased observations of the association between genetic polymorphisms and outcomes are expected. In addition, this is an interesting contribution to the literature to link the association between genetic polymorphisms, home dampness exposure, and asthma phenotypes in children. Finally, our results can provide a suitable biomarker, ADRB2 genotypes, for identifying genetically susceptible children for dampness. 
In conclusion, exposure to home dampness were associated with being awakened at night due to wheezing in children carrying ADRB2 Arg/Arg genotypes. ADRB2 Arg16Gly showed a significant interactive effect with home dampness on being awakened at night due to wheezing. Home dampness prevention is urgently needed for asthma control, especially in genetic susceptible individuals.
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	Table 1  Demographic characteristics of the study participants

	　
	Total　
	Cohort 1　
	Cohort 2　

	
	(n=6078)　
	(n=3751)　
	(n=2327)　

	　
	N
	%
	n
	%
	n
	%

	Demographic information
	
	
	
	
	
	

	Sex
	
	
	
	
	
	

	    Boy
	3014
	49.6 
	1831
	48.8 
	1183
	50.8 

	    Girl
	3064
	50.4 
	1920
	51.2 
	1144
	49.2 

	Age, yr (Mean ± SD)
	11.8 ±1.3
	12.8 ±0.4
	10.1 ±0.4

	Parental education, yr
	
	
	
	
	
	

	    ≦12
	3398
	56.5 
	2312
	62.1 
	1086
	47.3 

	    13~15
	1312
	21.8 
	740
	19.9 
	572
	24.9 

	    ≧16
	1307
	21.7 
	670
	18.0 
	637
	27.8 

	Parental asthma
	
	
	
	
	
	

	    Yes
	215
	3.6 
	112
	3.1 
	103
	4.4 

	Parental atopy
	
	
	
	
	
	

	    Yes
	950
	26.3 
	819
	35.2 
	1769
	29.8 

	Number of siblings
	
	
	
	
	
	

	    None
	660
	10.9 
	348
	9.3 
	312
	13.5 

	    1
	3014
	49.9 
	1737
	46.4 
	1277
	55.4 

	    2
	1813
	30.0 
	1245
	33.3 
	568
	24.7 

	    ≧3
	558
	9.2 
	412
	11.0 
	146
	6.3 

	In utero exposures to maternal smoking
	
	
	
	
	
	

	    Yes
	188
	3.1 
	144
	3.9 
	44
	1.9 

	Environmental tobacco smoke at home
	
	
	
	
	
	

	    Yes
	2497
	41.1 
	1611
	42.9 
	886
	38.1 

	Home dampness exposure
	
	
	
	
	
	

	Number of walls with visible mold 
	
	
	
	
	
	

	   None
	3685
	61.3 
	2436
	65.7 
	1249
	56.4 

	   Yes
	2331
	38.7 
	1292
	34.7 
	1039
	45.4 

	       1
	1069
	18.1 
	619
	16.7 
	450
	20.3 

	       ≧2
	1166
	19.7 
	651
	17.6 
	515
	23.3 

	Frequency of mildewy odor 
	
	
	
	
	
	

	   None
	5016
	83.7 
	3163
	84.7 
	1853
	81.9 

	   Yes
	980
	16.3 
	570
	15.3 
	410
	18.1 

	       Seldom
	736
	12.4 
	463
	12.4 
	273
	12.4 

	       Monthly or more than monthly
	171
	2.9 
	94
	2.5 
	77
	3.5 

	Number of walls with water stamp 
	
	
	
	
	
	

	   None
	4298
	71.6 
	2762
	74.1 
	1536
	67.4 

	   Yes
	1708
	28.4 
	966
	25.9 
	742
	32.6 

	       1 
	922
	15.8 
	571
	15.4 
	351
	16.5 

	       ≧2
	610
	10.5 
	371
	10.0 
	239
	11.2 

	Duration of water damage 
	
	
	
	
	
	

	    None
	5384
	90.1 
	3357
	90.2 
	2027
	90.0 

	    Yes
	590
	9.9 
	366
	9.8 
	224
	10.0 

	       1 day
	368
	6.2 
	235
	6.3 
	133
	6.0 

	       ≧2 days
	194
	3.3 
	121
	3.3 
	73
	3.3 

	Respiratory Outcomes
	
	
	
	
	
	

	   Active asthma
	254
	4.2 
	136
	3.7 
	118
	5.2 

	   Current wheezing
	261
	4.4 
	150
	4.0 
	111
	5.0 

	   Medication use
	185
	3.1 
	95
	2.6 
	90
	4.0 

	   Awakened at night
	165
	2.8 
	80
	2.1 
	85
	3.8 

	Number of subjects does not add up to total N because of missing data. 
Abbreviation: SD: standard deviation; N: total number  

	

	


	Table 2  Arg16Gly and Gln27Glu genotypes by sex

	　
	Total　
	Boys
	Girls

	
	(n=6078)　
	(n=3014)
	(n=3064)

	　
	n
	%
	n
	%
	n
	%

	   Arg16Gly
	
	
	
	
	
	

	      Arg/Arg
	1988
	32.71
	984
	32.65
	1004
	32.77

	      Arg/Gly
	2927
	48.16
	1446
	47.98
	1481
	48.34

	      Gly/Gly
	1163
	19.13
	584
	19.38
	579
	18.90

	
	
	
	
	
	
	

	   Gln27Glu
	
	
	
	
	
	

	      Gln/Gln
	5027
	82.71
	2495
	82.78
	2532
	82.64

	      Gln/Glu
	993
	16.34
	486
	16.12
	507
	16.55

	      Glu/Glu
	58
	0.95
	33
	1.09
	25
	0.82


	Table 3  Effects of home dampness on the prevalence of asthma and selected indicators of severity of asthma 

	
	Active asthma
	
	Current wheezing
	
	Medication use
	
	Awakened at night
	

	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	

	Number of walls with visible mold
	
	
	
	
	
	
	
	
	
	
	
	

	     None
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	     Yes
	1.12
	(0.86,1.46)
	
	1.20
	(0.92,1.56)
	
	1.00
	(0.74,1.37)
	
	1.26
	(0.91,1.74)
	

	        1
	0.89
	(0.62,1.28)
	
	1.01
	(0.71,1.43)
	
	0.87
	(0.58,1.32)
	
	1.07
	(0.69,1.65)
	

	        ≧2
	1.32
	(0.96,1.80)
	
	1.28
	(0.93,1.76)
	
	1.07
	(0.73,1.57)
	
	1.46
	(1.00,2.14)
	

	p for trend
	0.15
	
	
	0.15
	
	
	0.86
	
	
	0.06
	
	

	Frequency of mildewy odor 
	
	
	
	
	
	
	
	
	
	
	
	

	     None
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	     Yes
	1.16
	(0.83,1.61)
	
	1.16
	(0.83,1.61)
	
	0.98
	(0.66,1.46)
	
	1.65
	(1.17,2.46)
	

	       Seldom
	1.18
	(0.82,1.71)
	
	1.24
	(0.86,1.78)
	
	0.91
	(0.57,1.44)
	
	1.70
	(1.08,2.52)
	

	       Monthly or more
than monthly
	1.21
	(0.61,2.38)
	
	1.09
	(0.54,2.20)
	
	1.25
	(0.59,2.65)
	
	1.85
	(0.90,3.77)
	

	p for trend
	0.34
	
	
	0.36
	
	
	0.89
	
	
	0.01
	
	

	Number of walls with water stamp
	
	
	
	
	
	
	
	
	
	
	
	

	     None
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	     Yes
	1.25
	(0.95,1.64)
	
	1.22
	(0.93,1.60)
	
	1.17
	(0.85,1.61)
	
	1.40
	(1.01,1.95)
	

	       1
	1.10
	(0.77,1.58)
	
	0.99
	(0.69,1.43)
	
	0.95
	(0.61,1.46)
	
	0.96
	(0.60,1.55)
	

	       ≧2
	1.45
	(0.99,2.13)
	
	1.48
	(1.02,2.15)
	
	1.34
	(0.85,2.11)
	
	1.88
	(1.22,2.90)
	

	p for trend
	0.07
	
	
	0.08
	
	
	0.32
	
	
	0.02
	
	

	Duration of water damage
	
	
	
	
	
	
	
	
	
	
	
	

	     None
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	     Yes
	1.26
	(0.83,1.91)
	
	1.03
	(0.67,1.57)
	
	1.29
	(0.80,2.09)
	
	1.47
	(1.16,2.81)
	

	       1 day
	1.22
	(0.72,2.05)
	
	0.84
	(0.48,1.47)
	
	1.38
	(0.78,2.46)
	
	1.80
	(0.82,2.61)
	

	       ≧2 days
	1.29
	(0.64,2.60)
	
	1.34
	(0.71,2.56)
	
	1.00
	(0.40,2.50)
	
	2.41
	(1.25,4.65)
	

	p for trend
	0.33
	　
	　
	0.67
	　
	　
	0.55
	　
	　
	0.01
	　
	

	Models are adjusted for age, sex, parental history of asthma, parental history of atopy, parental education, community, number of siblings, in utero exposure to maternal smoking, environmental tobacco smoke at home and cohort.

	

	


	Table 4  Joint effects of home dampness and Arg16Gly genotypes on the prevalence of asthma and selected indicators of severity of asthma among children 

	
	
	Active asthma
	
	Current wheezing
	
	Medication use
	
	Awakened at night
	

	　
	Arg16Gly
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	

	Dampness
	
	
	
	
	
	
	
	
	
	
	
	
	

	Visible mold on the wall 
	
	
	
	
	
	
	
	
	
	
	
	
	

	        No
	Gly/Gly or Gly/Arg
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	        Yes
	Gly/Gly or Gly/Arg
	1.16
	(0.84,1.60)
	
	1.09
	(0.80,1.50)
	
	1.00
	(0.69,1.45)
	
	1.13
	(0.78,1.65)
	

	        No
	Arg/Arg
	1.05
	(0.73,1.51)
	
	0.82
	(0.57,1.20)
	
	0.96
	(0.62,1.46)
	
	0.60
	(0.36,1.01)
	

	        Yes
	Arg/Arg
	1.09
	(0.72,1.64)
	
	1.21
	(0.82,1.78)
	
	0.97
	(0.60,1.58)
	
	1.01
	(0.61,1.66)
	

	p for interaction
	
	0.69
	
	
	0.29
	
	
	0.94
	
	
	0.29
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mildewy odor 
	
	
	
	
	
	
	
	
	
	
	
	
	

	        No
	Gly/Gly or Gly/Arg
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	        Yes
	Gly/Gly or Gly/Arg
	1.12
	(0.75,1.67)
	
	1.06
	(0.71,1.57)
	
	0.90
	(0.55,1.46)
	
	1.22
	(0.77,1.93)
	

	        No
	Arg/Arg
	0.97
	(0.71,1.32)
	
	0.91
	(0.67,1.23)
	
	0.90
	(0.63,1.29)
	
	0.54
	(0.35,1.05)
	

	        Yes
	Arg/Arg
	1.20
	(0.70,2.07)
	
	1.27
	(0.75,2.16)
	
	1.06
	(0.55,2.02)
	
	1.95
	(1.14,3.36)
	

	p for interaction
	
	0.78
	
	
	0.42
	
	
	0.54
	
	
	0.007
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Water stamp on the wall 
	
	
	
	
	
	
	
	
	
	
	
	
	

	        No
	Gly/Gly or Gly/Arg
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	        Yes
	Gly/Gly or Gly/Arg
	1.19
	(0.85,1.67)
	
	1.00
	(0.71,1.40)
	
	1.12
	(0.76,1.65)
	
	1.23
	(0.83,1.83)
	

	        No
	Arg/Arg
	0.96
	(0.68,1.35)
	
	0.77
	(0.54,1.09)
	
	0.92
	(0.62,1.37)
	
	0.63
	(0.40,1.01)
	

	        Yes
	Arg/Arg
	1.32
	(0.86,2.02)
	
	1.41
	(0.95,2.11)
	
	1.17
	(0.71,1.95)
	
	1.23
	(0.73,2.07)
	

	p for interaction
	
	0.63
	
	
	0.04
	
	
	0.72
	
	
	0.22
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Water damage
	
	
	
	
	
	
	
	
	
	
	
	
	

	        No
	Gly/Gly or Gly/Arg
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	        Yes
	Gly/Gly or Gly/Arg
	1.05
	(0.62,1.79)
	
	0.87
	(0.51,1.48)
	
	1.18
	(0.66,2.13)
	
	1.64
	(0.97,2.76)
	

	        No
	Arg/Arg
	0.93
	(0.69,1.25)
	
	0.88
	(0.65,1.18)
	
	0.94
	(0.66,1.32)
	
	0.69
	(0.47,1.03)
	

	        Yes
	Arg/Arg
	1.63
	(0.86,3.12)
	
	1.27
	(0.65,2.48)
	
	1.45
	(0.65,3.22)
	
	1.58
	(0.75,3.35)
	

	p for interaction
	　
	0.28
	　
	　
	0.26
	　
	　
	0.61
	　
	　
	0.50
	　
	

	Models are adjusted for age, sex, parental history of asthma, parental history of atopy, parental education, community, number of siblings, in utero exposure to maternal smoking, environmental tobacco smoke at home and cohort.

	

	


	Table 5  The association of frequency and degree of home dampness on the prevalence of asthma and selected indicators of severity of asthma

	　
	Active asthma
	
	Current wheezing
	
	Medication use
	
	Awakened at night
	

	Arg16Gly genotypes
	Gly/Gly or Gly/Arg
	
	Arg/Arg
	
	Gly/Gly or Gly/Arg
	
	Arg/Arg
	
	Gly/Gly or Gly/Arg
	
	Arg/Arg
	
	Gly/Gly or Gly/Arg
	
	Arg/Arg
	

	　
	OR
	95%CI
	　
	OR
	95%CI
	
	OR
	95%CI
	　
	OR
	95%CI
	
	OR
	95%CI
	　
	OR
	95%CI
	
	OR
	95%CI
	　
	OR
	95%CI
	

	Number of walls with visible mold 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   None
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	   1
	1.10
	(0.72,1.67)
	
	0.51
	(0.24,1.12)
	
	1.10
	(0.73,1.65)
	
	0.79
	(0.39,1.58)
	
	0.98
	(0.60,1.59)
	
	0.64
	(0.27,1.50)
	
	0.99
	(0.59,1.65)
	
	1.42
	(0.72,2.82)
	

	   ≧2
	1.16
	(0.78,1.74)
	
	1.72
	(1.02,2.89)
	
	1.02
	(0.68,1.54)
	
	1.94
	(1.15,3.28)
	
	0.87
	(0.53,1.42)
	
	1.60
	(0.85,3.00)
	
	1.32
	(0.84,2.07)
	
	2.15
	(0.95,4.86)
	

	p for trend†
	0.45
	
	0.11
	
	0.84
	
	0.03
	
	0.60
	
	0.25
	
	0.27
	
	0.05　
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Frequency of mildewy odor 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   None
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	   Seldom
	1.12
	(0.71,1.78)
	
	1.34
	(0.71,2.55)
	
	1.21
	(0.78,1.88)
	
	1.36
	(0.72,2.58)
	
	0.81
	(0.45,1.45)
	
	1.16
	(0.52,2.57)
	
	1.18
	(0.68,2.05)
	
	3.59
	(1.74,7.39)
	

	   Monthly or more than monthly
	1.33
	(0.61,2.86)
	
	0.81
	(0.18,3.62)
	
	0.92
	(0.39,2.17)
	
	1.52
	(0.44,5.29)
	
	1.27
	(0.52,3.08)
	
	1.03
	(0.22,4.72)
	
	1.44
	(0.61,3.44)
	
	3.96
	(1.03,15.10)
	

	p for trend†
	0.41
	
	0.67
	
	0.70
	
	0.28
	
	0.95
	
	0.80
	
	0.34
	
	<0.001
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Number of walls with water stamp
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   None
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	   1
	1.10
	(0.71,1.69)
	
	1.12
	(0.59,2.14)
	
	0.84
	(0.53,1.32)
	
	1.39
	(0.74,2.58)
	
	1.08
	(0.66,1.77)
	
	0.62
	(0.61,0.63)
	
	1.02
	(0.60,1.73)
	
	0.71
	(0.24,2.12)
	

	   ≧2
	1.36
	(0.84,2.19)
	
	1.65
	(0.85,3.20)
	
	1.19
	(0.73,1.92)
	
	2.22
	(1.20,4.13)
	
	1.05
	(0.58,1.91)
	
	2.41
	(2.37,2.44)
	
	1.44
	(0.83,2.50)
	
	3.66
	(1.72,7.79)
	

	p for trend†
	0.22
	
	0.16
	
	0.77
	
	0.01
	
	0.78
	
	<0.001
	
	0.25
	
	0.004
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Duration of water damage 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   None
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	
	1
	
	

	   1 day
	1.13
	(0.59,2.16)
	
	1.34
	(0.54,3.28)
	
	0.72
	(0.36,1.46)
	
	1.07
	(0.41,2.82)
	
	1.27
	(0.62,2.60)
	
	1.47
	(1.44,1.50)
	
	1.40
	(0.59,3.29)
	
	1.42
	(0.47,4.33)
	

	   ≧2 days
	0.86
	(0.31,2.42)
	
	2.87
	(1.05,7.83)
	
	0.98
	(0.41,2.31)
	
	2.47
	(0.91,6.73)
	
	0.93
	(0.28,3.05)
	
	1.38
	(1.34,1.43)
	
	2.02
	(0.95,4.26)
	
	3.80
	(1.21,12.00)
	

	p for trend†
	0.98　
	　
	0.05　
	　
	0.60　
	　
	0.13　
	　
	0.79　
	　
	<0.001　
	　
	0.07
	　
	0.03　
	

	Models are adjusted for age, sex, parental history of asthma, parental history of atopy, parental education, community, number of siblings, in utero exposure to maternal smoking, environmental tobacco smoke at home and cohort.

	†Calculated by stratification with Arg16Gly genotype 
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