Early life phthalate exposure and atopic disorders in children: a prospective birth cohort study 
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ABSTRACT 
The role of phthalate exposure at different stages in the immune system and atopic disorders is not well-known. This study aims to evaluate the effects of prenatal and postnatal phthalate exposures on immunoglobulin E (IgE) levels and atopic dermatitis (AD) in children by objective biomarkers. We conducted a prospective Taiwan Birth Panel cohort study with 483 mother/infant pairs. Finally, 161 urine specimens at 3rd trimester of pregnancy, 219 urine specimens from children at age 2, and 192 urine specimens at age 5 were analyzed after excluding missing data and loss to follow-up. Urine monoethyl phthalate (MEP), monobutyl phthalate (MBP), monobenzyl phthalate (MBzP), and mono-(2-ethylhexyl) phthalate (MEHP) at 3rd trimester of pregnancy and at ages 2 and 5 were measured by ultra-performance liquid chromatography coupled with tandem mass spectrometry. At ages 2 and 5, information on the development of AD and serum total IgE were collected. The association between urine phthalate metabolites levels at different stages and serum IgE and AD were evaluated by multivariate linear regression and logistic regression. Urine phthalate metabolites levels were higher at age 2 than those at pregnancy and age 5. At each period, urine MBP levels were higher than MEP, MEHP, and MBzP. MEHP levels at age 2 positively correlated with serum IgE levels (per ln-unit: β=0.191, p=0.02). Analyses stratified by gender revealed that MEHP levels positively correlated with serum IgE levels only in boys (per ln-unit: β=0.256, p=0.03). When dividing into quartiles, urine MBzP levels at age 2 had a significant association with AD. We found no statistically significant association of other phthalate metabolites with IgE and AD. Early life phthalate exposure may increase the risk of allergic sensitization and atopic disorders. 
Keywords: MEHP, MBzP, IgE, Atopic dermatitis, Cohort study
1. Introduction
There have been concerns over the possible health effects of phthalates for many years but public awareness has been relatively limited until 2011, when Taiwan health officials found diethylhexyl phthalate (DEHP) in an emulsifier that had been commonly used in sport drinks. DEHP has been detected in numerous food and drinks that unknowingly used the tainted ingredient (Wu et al., 2012). This contaminated food event caused shock and panic among the general public. It has also attracted international attention for its long term health impact on young children since children are easily vulnerable to toxic chemicals due to the immaturity of their organs. 
Phthalates, a kind of endocrine disrupters, are used as plasticizers in the manufacture of poly vinyl chlorides (PVC). Phthalates are widely used in our daily lives, such as food wrappings, toys, PVC flooring, building materials, cosmetics, plasticware, medical devices, and emulsifying agents (Berman et al., 2009). In addition, it has been reported that use of personal care products such as lotion and shampoo, were associated with increased urine concentrations of phthalate metabolites (Berman et al., 2009). The most widely used phthalate have been DEHP, dibutyl phthalate (DBP), butyl benzyl phthalate (BBzP), and diethylphthalate (DEP). Of these, DEHP was probably the most commonly used. 
Phthalates are commonly found in foods and household dust. Because phthalate plasticizers are not chemically bound to PVC, they can easily leach and evaporate into food or the atmosphere (Heudorf et al., 2007). So, children can ingest phthalates not only from food but also by breathing and through the skin. Of note, recent human biomonitoring data shows that the tolerable intake of children is exceeded to a considerable degree (Heudorf et al., 2007; Wittassek et al., 2011). While phthalates are not bio-accumulative, the continuous daily exposure leads to an exposure scenario that is similar to persistent and bioaccumulative compounds. Even though they have relatively short half-lives, phthalates have been associated with many serious health problems, including endocrine disruption, reproductive and developmental toxicity, and respiratory allergy (Huang et al., 2007; Jurewicz et al., 2011). 

Epidemiological studies have revealed a positive association between DEHP exposure and asthma prevalence in children, but most evidence was limited by imprecise data on levels of exposure (Bornehag et al., 2010; Kimber et al., 2010). Moreover, many toxicology studies are done only on animals without involving real life exposure (Larsen et al., 2001). The lack of objective exposure assessments in the early life limits the interpretation. Since most previous studies were carried out by cross sectional design without a causal link, we conducted a birth cohort study to address the effect of early life phthalates exposure on the development of atopic disorders and the IgE-sensitization by objective biomarkers.

2. Methods and materials
2.1. Study population
Considering potential environmental exposures and nation-wide representativeness, we recruited our subjects from medical centers, regional hospitals, local hospitals, and clinics in Taiwan in 2004. Pregnant women during their 3rd trimester of pregnancy who had prenatal examination in selected hospitals were invited to join. Cord blood was collected at delivery. A total of 483 mother and child pairs were recruited. Children were followed from pregnancy through to age 5. Finally, 161 urine specimens at 3rd trimester of pregnancy, 219 urine specimens from children at age 2, and 192 urine specimens at age 5 were analyzed after excluding missing data and loss to follow-up. The study protocol was as described previously in the Taiwan Birth Panel cohort study and was approved by the Joint Institution Review Board in Taiwan. All study subjects provided informed consent (Wang et al., 2008). 
Cases of AD were defined by the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire through three questions: “Has your child ever had an itchy rash which was coming and going for at least six months?”, and among those who responded positively “Has your child had this itchy rash at any time in the last 12 months?” and “Has your child ever had AD diagnosed by a doctor?”. A dermatologist examined a sub-group of the participating young children and the combination of answers that resulted in the highest sum of sensitivity and specificity was determined (Chan et al., 2001; Benn et al., 2003). Exclusion criteria included multiple gestation, inability to answer questions in Chinese, and plans to move out of the area before delivery. 

At ages 2 and 5 years, information on the development of AD was collected and total IgE levels were determined as an indicator of sensitization. The concentrations of urine phthalate metabolites from the mother at 3rd trimester of pregnancy and from children at ages 2 and 5 were all measured. We compared the concentrations of AD subjects cases and were compared with those of non-AD subjects.   

2.2. Questionnaire survey
The parents were asked by home interview questionnaires for basic demographics, parental history of allergic diseases, alcohol and drug use, diets and supplements use, and smoke exposure during pregnancy. From records of the cooperating hospitals, the neonate’s health data at birth, including head circumference, birth body weight, height, weeks of gestation, and type of delivery, were obtained. At ages 2 and 5, the ISAAC questionnaires were performed and post-natal exposures like duration of breast feeding, number of older siblings, furry pets, carpets, or incensing at home, fungi at house walls, and tobacco smoke exposure were evaluated. 
2.3. Laboratory method
2.3.1. IgE antibody analysis
Cord blood serum IgE levels and serum total IgE concentrations at 2 years of age were determined using the CAP assay according to the manufacturers' instructions (Pharmacia CAP SystemTM, Pharmacia and Upjohn Diagnostics AB, Uppsala, Sweden). The positive cut-off for the specific IgE assays was 0.35 kU/L and was calibrated against the World Health Organization standard 75/502 for IgE in the range 0.35-100 kU/L. IgE levels were considered increased at values >100 kU/L (Liu et al. 2003).
2.3.2. Measurement of phthalate metabolites concentrations 
Urine samples were collected in the morning at 3rd trimester of pregnancy and at ages 2 and 5 and stored at -20oC until analysis. Four phthalate metabolites (monoethyl phthalate (MEP), monobutyl phthalate (MBP), monobenzyl phthalate (MBzP), and mono-(2-ethylhexyl) phthalate (MEHP)) representing the exposure to four commonly used phthalates (DEP, DBP, BBzP, and DEHP) were measured by ultra-performance liquid chromatography coupled with tandem mass spectrometry (UPLC-MS/MS), as described previously (Silva et al., 2004a). In brief, 1 mL of urine sample was added with 250 μL of ammonium acetate buffer (pH= 6.5). Then, 20 μL of 20µg/L internal standard solution (MEP-13C4, MBP-13C4, MBzP-13C4, and MEHP-13C4) and 5μL β-glucuronidase enzyme (200 Unit/mL) were added to each sample. After enzymatic hydrolysis, samples were acidified with 1 mL of phosphate buffer (pH = 2). Then sample was extracted by solid-phase extraction using Oasis hydrophilic lipophilic balance (HLB). The recoveries of phthalate metabolites spiked into artificial urine ranged from 93% to 102%. The limits of detection for MEP, MBP, MBzP, and MEHP were 0.5, 0.1, 0.1, and 0.1 µg/L, respectively. For concentrations below the detection limits, a value of half the lower limit of quantitation was assigned. Concentrations of MEP, MBP, MBzP, and MEHP were detected in almost all urine samples (96 to100%). All results involved duplicate analysis. Urine creatinine levels were analyzed by enzymatic assay according to the manufacturers' instructions (Cayman Chemical, Ann Arbor, MI) (Cayman Chemical Company, 2012). All phthalate metabolites concentrations were adjusted for urine creatinine levels and expressed as μg/g creatinine.
2.4. Statistical analysis 
Socio-demographic data of children were compared in terms of urine phthalate metabolites levels using the geometric mean with standard error. Because of the skewed distributions, blood IgE and urine phthalate metabolite levels were log (Ln)-transformed before further analyses. All log-transformed data in the study had a normal distribution and no significant outliers were found. Linear regression was performed to estimate the relationship between log-blood IgE and a unit increase in log-phthalate metabolite concentrations. Urine phthalate metabolite levels were further analyzed as categorical variables after division into quartiles, with the lowest quartile used as the reference category. 
The association between urine phthalate metabolites at different stages and AD were analyzed by univariate and multivariate logistic regression. Potential confounders from a review of the related literature, including infant gender, gestational age, parity, maternal age, education, and occupation, diets and supplements during pregnancy, family income, parental atopy, duration of breast feeding, tobacco smoke exposure, incensing and carpets at home, and fungi on house walls were all taken into consideration (Moore et al., 2004; Wang et al., 2007). Only those with a 10% change in point estimate were included in the final model (Maldonado et al., 1993). All hypothesis testing was two-sided at the significance level of 0.05 and performed with the SAS software version 9.1 (SAS Institute, Inc., Cary, NC). 
3. Results
The data of basic demographics of the study population was provided in Table 1. There was no significant difference in the demographic data between those who lost to follow-up and those who completed follow-up. There were 17.4% of the children with AD at age 2 and 15.7% at age 5. The geometric mean (standard error (s.e.)) of IgE level at age 2 were 29.92 ± 1.09 (kU/L). The geometric means (s.e.) of MEP, MBP, MBzP, and MEHP concentrations were 19.71 (1.09), 64.62 (1.06), 1.84 (1.11), and 16.01 (1.12) µg/g creatinine at 3rd trimester of pregnancy, 39.74 (1.09), 152.92 (1.05), 3.76 (1.10), and 34.60 (2.18) µg/g creatinine at age 2, and 23.07 (1.09), 57.29 (1.05), 3.46 (1.08), and 14.74 (1.06) µg/g creatinine at age 5. Figure 1 showed the urine phthalate metabolites concentrations at different stages . A statistically significant difference was noted over MEP, MBP, and MEHP at different stages (Figure 1). Urine MEP, MBP, MBzP, and MEHP levels were higher at age 2 than those at pregnancy and age 5. At each period, urine MBP levels were higher than MEP, MEHP, and MBzP levels. The correlation coefficients of phthalate metabolites levels at different time points were not statistically significant (Table S4).
A summary of geometric means of different urine phthalate metabolites concentrations at three stages in relation to the characteristics of mothers and children was outlined in Table 2. Boys showed higher maternal urine MBP levels and MEHP levels at age 2 than girls. Gestational age lower than 37 weeks and lower birth weight were associated with higher MEP levels at three stages. Moreover, lower maternal education was associated with higher MEHP levels at pregnancy and MEP levels at age 5. Maternal history of atopy was associated with higher MEP levels at pregnancy and MEHP levels at age 2. Other demographic characteristics, such as maternal age, occupation, parity, breast feeding, and family income were not significantly associated with urine phthalate concentrations.

The regression coefficients β (s.e.) for log-cord blood IgE and log-blood total IgE at age 2 according to log-urine phthalate metabolite concentrations at pregnancy and the regression coefficients β (s.e.) for log-total IgE at age 2 according to log-urine phthalate metabolite concentrations at age 2 were shown in Table S1 and Table 3. There was no significant correlation between phthalate metabolite concentrations at pregnancy and cord blood IgE levels and IgE levels at age 2. However, MEHP levels at age 2 positively correlated with blood IgE levels at age 2 (per ln-unit: β=0.191, p=0.02) even after adjusting for potential confounders.
Analyses stratified by gender was further performed (Table S1, Table 3). There was still no significant correlation between urine phthalate metabolite concentrations at pregnancy and blood total IgE levels. However, there was a significantly positive correlation between MEHP levels at age 2 and blood IgE levels at age 2 in boys (per ln-unit: β=0.256, p=0.03). There was no association in girls.  

Table S2 presented the association of AD at ages 2 and 5 across quartiles of urine phthalate metabolites at pregnancy by univariate and multivariate logistic regression. There was no significant correlation between urine phthalate metabolite concentrations at pregnancy and AD. Table 4 showed the association of AD at ages 2 and 5 and phthalate metabolites at age 2. When dividing urine phthalate metabolites into quartiles, AD at age 2 was significantly associated with MBzP at a concentration >8.20 µg/g creatinine (adjusted OR 2.50, 95%CI 1.08-5.79). Table S3 presented the association of AD at age 5 and phthalate metabolites at age 5. We failed to find a statistically significant association of MBzP with AD after controlling for confounders. There was no significant relationship between other phthalate metabolites and AD. 

4. Discussion
This study contributes to the literature on the potential association between phthalate exposure at different stages and pediatric atopy. We found that MEHP levels at age 2 positively correlated with serum IgE levels, particularly in boys. Urine MBzP at age 2 had significant association with AD. These findings not only help understand the etiology of allergic diseases, but also guide potential control measures for a susceptible population.

In this study, there was a positive correlation between MEHP levels and serum IgE levels. MEHP, one metabolite of DEHP, was found to increase IgE levels in a subcutaneous injection mouse model (Larsen et al., 2001). Dietary exposure of rats to DEHP was also found to alter the balance of Th1/Th2 cytokines towards a preferential Th2 phenotype. It is reported that DEHP exposure may up-regulate thymic stromal lymphopoitin (TSLP) protein expression, and TSLP may up-regulate IgE expression (Guo et al., 2012; Nagata et al., 2007). Thus, our study demonstrated that some of the pathology of allergic diseases could be contributed to phthalate exposure. 

Interestingly, urine MBzP at age 2 had significant association with AD. Consistent with our study, it has been reported that phthalate can aggravate AD-like skin lesions induced by Dermatophagoides pteronyssinus in mice (Takano et al., 2006). Takano et al. found that mice intraperitoneal exposure to phthalates exacerbated AD skin lesions induced by intradermal injection of mite allergen (Takano et al., 2006). Furthermore, the same group reported that maternal exposure to phthalates during neonatal periods, but not during fetal periods, enhanced AD-like skin lesions related to mite allergen via Th2-dominant responses (Yanagisawa et al., 2008). Consistent human findings were reported in a case-control study in Bulgaria (Kolarik et al., 2008). BBzP concentrations were higher in the house dust of children age 2-7 years with wheezing, rhinitis, or AD in the preceding 12 months. A Swedish case-control study found the risk of allergic rhinitis and AD was related to the house-dust BBzP concentrations (Huang et al., 2009). Above findings indicated that early life phthalate exposure plays an important role in later susceptibility to allergic diseases. Though we failed to demonstrate a statistical significance for the maternal urine phthalate metabolites, the odds ratio was high. Future large-scale studies are warranted to elucidate if there is any relationship.  

We failed to find consistent associations of different phthalate metabolites with IgE and AD. One possible explanation was the different molecular weight. High-molecular-weight phthalates, such as DEHP, is found to be related with IgE sensitization (Heudorf et al., 2007). Low-molecular-weight phthalates, such as BBzP, DEP, and DBP, may be dermally absorbed and may cause hypersensitivity via non-IgE-mediated pathway (Heudorf et al., 2007). On the other hand, it is suggested that the biological effects of phthalates are different depending on presence or absence of an antigen such as ovalbumin (OVA) (Guo et al., 2012). With OVA co-exposure, phthalates were a strong agent to promote Th2-related immune responses and to stimulate the body to produce IgE (Type I, IgE-mediated hypersensitivity); but without OVA co-exposure, phthalates become a weak agent for TH1 cell-induced chronic inflammation (Type IV, delayed-type hypersensitivity). These phenomena can be explained by an adjuvant effect. Therefore, the health effect and immune response may vary with different kinds of phthalates exposure and the presence of allergens co-exposure (Guo et al., 2012).
Similar to an earlier German Environmental Survey on children, our results indicated that boys had higher average concentrations of MEHP than girls (Becker et al., 2004). Moreover, analyses stratified by gender revealed that MEHP levels positively correlated with serum IgE levels only in boys in our study (Table 3). In accordance with ours, Andrade et al. also demonstrated the existence of gender differences in the susceptibility to DEHP (Andrade et al., 2006). Prior studies are extremely limited about the gender-related influence on phthalate exposure and atopy. Only one animal study reported that maternal exposure to DEHP aggravated AD-like skin lesions in mite allergen-sensitized male offspring (Meeker Yanagisawa

 HYPERLINK "/pubmed%3Fterm=Andrade%2520AJ%255BAuthor%255D&cauthor=true&cauthor_uid=16949715"
 et al., 2008). However, the effects were not replicated in female offspring, suggesting hormone-mediated processes in phthalate-induced allergic immune responses. In this study, urine phthalate metabolites levels were significantly higher at age 2 than those at pregnancy and age 5. Urine MBzP at ages 2 had a significant association with AD. et al. reported that phthalate metabolite levels were higher in post-natal than pre-natal samples (Lin Meeker

 HYPERLINK "/pubmed%3Fterm=Andrade%2520AJ%255BAuthor%255D&cauthor=true&cauthor_uid=16949715"
 et al., 2009). et al. also found that total urinary phthalate metabolite concentration was higher in 2-and 5-years-olds than pregnant women (Lin et al., 2007). In general, children showed higher urinary phthalate metabolite concentration than adults (Becker et al. 2009). Toddlers are at the greatest risk of exposure, because of their mouthing behavior and their crawling on the flooring. Moreover, increased dosage per unit body surface area, increase metabolic capabilities, and immature renal function in young children may also account for this finding.
Of note, we found urine MBP levels were higher than MEP, MEHP, and MBzP at each stage. Compared to children in the United States, our subjects had higher levels of MBP (Lin et al., 2007; CDC, 2009). Levels of MEHP were also higher in Taiwanese children compared to the US and German children, which might be due to the contaminated food event (Becker et al., 2009; CDC, 2009; Koch et al., 2007; Silva et al., 2004b). In contrast, levels of MEP and MBzP in Taiwanese children were much lower than the US and German children. Since MBzP levels in the children in our study were close to levels measured in a previous study (Huang et al., 2007), it implicated a consistently low level of BBzP in Taiwan. Different geographic areas, life style, dietary habits, different exposure routes, duration, concentrations, and different rates of metabolism may account for these inconsistencies.
There are some potential limitations to this study and results should be cautiously interpreted. First, our study was limited by the use of questionnaires that were utilized to ascertain AD, which may not be as accurate as the standard diagnostic criteria used by a dermatologist. Nevertheless, ISAAC questionnaires have been validated versus clinical examinations in studies performed in the United States, Brazil, and Korea, and have been used by many epidemiological studies (Agostino et al., 2010; Benn et al., 2003; Brunekreef et al., 2012; Choi et al., 2012; Wang et al., 2007). Second, potential selection bias could have occurred when non-participants differ in socio-demographics or smoking status from participants. However, the statistics of those lost in the follow-up and in those who completed the follow-up were not significantly different. Therefore, a selection bias would be trivial even if there is one. Finally, the statistical analysis was calculated in a cross-sectional and not in a longitudinal manner. However, we can evaluate the phthalate effect at different time points and search for the critical window of exposure by this manner.
The population based prospective cohort design and exposure assessment of objective biomarkers at different stages were the strengths of this study. The advantage of conducting a prospective cohort design is that causality can be established. In addition, cohort studies may offer further insight into the timing of exposure relative to disease onset and minimize recall bias. Instead of maternal self-reporting of relevant information, perinatal information like birth weight and gestational age were collected from medical records, adding data reliability. The concentration of phthalates might change with age and different conditions because of their short half-life and rapid excretion within hours of consumption of food. Braun et al. (2012) analyzed intra-correlation coefficients (ICC) of phthalate metabolites repeatedly measured during pregnancy. They report that more than one urine sample may be necessary for MBzP and DEHP because of their low ICC. Exposure measurements by following-up a child’s urine specimens at different periods in our study may reduce potential confounders, increase power, and give the chance looking at exposure levels more in depth. The use of urine biomarkers offered a more direct measure of individual exposure than house dust by integrating ingestion, inhalation, and dermal absorption. Moreover, urine phthalate metabolites were analyzed by UPLC-MS/MS with good validity. Therefore, the exposure assessment is reliable.
5. Conclusion
Early life phthalate exposure, especially before 2 years of age, may increase the risk of allergic sensitization and atopic disorders. Preventive measures should be introduced as early as possible for young children to avoid subsequent development of allergic diseases. Making rapid economic growth the first priority often compromises environmental safety and public health. It is important for governments to implement national standards that are in the best interests and protect the health of children.
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Table 1  Comparison of basic demographics of the study population at 3rd trimester of pregnancy and at ages 2 and 5 
	Characteristics
	Total cohort  (N=483)
	Pregnancy   

(N=161)
	Age 2 (N=218)
	Age 5 

(N=191)
	P value 

	Mother
	
	
	
	
	

	Maternal age≧34 years (%)
	37.5
	30.3
	39.0
	37.2
	0.27

	Maternal education≧College (%)
	46.7
	47.0
	51.9
	54.2
	0.42

	  Occupation (Non-house wives)(%)
	84.5
	88.8
	81.4
	86.2
	0.12

	Maternal history of atopy Yes (%)
	22.1
	18.5
	23.6
	20.7
	0.66

	Children
	
	
	
	
	

	Gender Male (%)
	50.5
	46.6
	52.3
	51.8
	0.49

	Birth weight < 2500 gm (%)
	12.6
	17.9
	11.6
	11.4
	0.40

	Gestational age <37 weeks (%) 
	17.4
	24.1
	17.1
	13.9
	0.21

	Parity < 2 (%)  
	40.2
	48.2
	38.4
	38.3
	0.37

	Environmental factors
	
	
	
	
	

	  Breast feeding Yes (%) 
	19.8
	18.1
	20.6
	26.5
	0.14

	Incensing at home Yes (%)
	45.7
	50.4
	50.8
	45.2
	0.52

	Prenatal ETS exposure Yes (%)
	37.3
	42.0
	38.7
	33.1
	0.28

	Family income per year
>1,500,000 (NT dollars) (%)
	18.7
	16.3
	17.7
	20.2
	0.57


Abbreviations: ETS, environmental tobacco smoke; NT, New Taiwan dollars 
Table 2  Basic demographics of the study population in terms of geometric means (s.e.) of urine phthalate metabolites concentrations at 3rd trimester of pregnancy and at ages 2 and 5 
	Characteristics
	%
	GM (s.e.)
MEP

(µg/g creatinine)  
	GM (s.e.)   
MBP 

(µg/g creatinine)
	GM (s.e.)  MBzP
(µg/g creatinine)
	GM (s.e.)   MEHP
(µg/g creatinine)

	Urine at pregnancy (n=161)
	
	
	
	
	

	Mother
	
	
	
	
	

	Maternal age < 34 years
	69.7
	21.01(1.14)
	66.36(1.06)
	2.02(1.15)
	19.68(1.16)

	( 34 years
	30.3
	21.69(1.17)
	68.47(1.12)
	1.81(1.23)
	24.97(1.26)

	Maternal education < College
	68.4
	18.82(1.13)
	61.02(1.06)
	1.89(1.15)
	24.89(1.17)*

	( College 
	31.6
	  21.55(1.19)
	  67.91(1.13)
	 2.16(1.23)
	14.71(1.21)*

	Occupation  House wives
	11.3
	17.39(1.23)
	69.68(1.13)
	2.86(1.26)
	21.54(1.35)

	             Non-house wives
	88.8
	  19.82(1.09)
	  63.84(1.06)
	1.76(1.12)
	18.19(1.13)

	Maternal history of atopy No
	81.5
	14.75(1.19)*
	72.18(1.11)
	1.98(1.20)
	16.93(1.23)

	 Yes
	18.5
	 21.19(1.49)*
	  98.58(1.22)
	3.38(1.28)
	30.25(1.52)

	Children
	
	
	
	
	

	Gender Male
	46.6
	18.74(1.15)
	 74.77(1.09)*
	2.06(1.02)
	16.32(1.17)

	Female
	53.4
	20.81(1.13)
	57.50(1.07)*
	1.75(1.15)
	15.72(1.16)

	Birth weight < 2500 gm
	17.9
	19.38(1.65)*
	 87.05(1.28)
	3.27(1.40)
	29.47(1.68)

	( 2500 gm
	82.1
	15.49(1.16)*
	71.43(1.11)
	2.03(1.19)
	17.66(1.21)

	Gestational age <37 weeks 
	24.1
	18.60(1.54)*
	 80.15(1.23)
	3.08(1.31)
	26.33(1.52)

	(37 weeks
	75.9
	14.97(1.17)*
	75.34(1.11)
	1.96(1.20)
	16.96(1.23)

	Parity < 2  
	48.2
	11.38(1.26)
	 63.39(1.14)
	2.02(1.27)
	17.95(1.31)

	( 2
	51.8
	22.30(1.21)
	85.45(1.13)
	2.40(1.21)
	20.74(1.28)

	Environmental factors
	
	
	
	
	

	  Breast feeding Yes 
	81.9
	19.21(1.11)
	 67.21(1.06)
	1.98(1.12)
	18.85(1.13)

	No
	18.1
	24.17(1.25)
	56.18(1.11)
	1.56(1.25)
	18.02(1.31)

	Incensing at home Yes
	50.4
	16.99(1.16)
	 62.09(1.12)
	2.07(1.21)
	21.59(1.19)

	No
	49.6
	22.22(1.17)
	74.01(1.07)
	1.98(1.14)
	19.98(1.22)

	Prenatal ETS exposure Yes
	47.9
	17.47(1.16)
	 66.35(1.11)
	2.44(1.20)
	22.91(1.19)

	No
	52.1
	21.58(1.16)
	69.37(1.08)
	1.70(1.14)
	18.78(1.21)

	Family income per year
< 600,000 NT dollars
	20.9
	22.19(1.26)
	57.16(1.12)
	1.74(1.21)
	27.05(1.34)

	600,000-1,500,000 NT dollars
	62.7
	19.03(1.12)
	66.28(1.06)
	2.10(1.15)
	17.26(1.15)

	> 1,500,000 NT dollars
	16.3
	22.74(1.26)
	 69.22(1.23)
	1.71(1.25)
	17.49(1.23)

	Urine at age 2 (n=218)
	
	
	
	
	

	Mother
	
	
	
	
	

	Maternal age < 34 years
	61.0
	40.52(1.14)
	184.59(1.07)
	4.21(1.14)
	29.56(1.12)

	( 34 years
	39.0
	33.59(1.19)
	127.64(1.09)
	3.90(1.17) 
	36.64(1.16) 

	Maternal education < College
	48.1
	40.52(1.13)
	175.37(1.08) 
	4.48(1.15)
	29.89(1.13)

	( College 
	51.9
	39.03(1.16)
	144.02(1.07)
	3.31(1.16)
	26.51(1.13)

	Occupation  House wives
	23.1
	37.78(1.19)
	145.69(1.13)
	5.42(1.21)
	37.43(1.14)

	             Non-house wives
	76.9
	39.79(1.11)
	155.58(1.06)
	3.10(1.12)
	32.53(1.11)

	Maternal history of atopy No
	76.4
	35.11(1.13)
	155.26(1.06)
	3.64(1.13)
	31.90(1.11) *

	 Yes
	23.6
	42.38(1.05) 
	166.94(1.12)
	3.89(1.27)
	45.76(1.17)*

	Children
	
	
	
	
	

	Gender Male
	47.7
	41.93(1.12)
	162.75(1.06)
	3.86(1.16)
	39.72(1.12)*

	Female
	52.3
	38.01(1.14)
	145.49(1.08)
	3.68(1.13)
	30.66(1.12)*

	Birth weight < 2500 gm
	11.6
	41.75(1.27)*
	162.25(1.21)
	4.39(1.42)
	38.12(1.20)

	( 2500 gm
	88.4
	33.64(1.11)*
	158.81(1.06)
	3.63(1.12)
	33.85(1.09)

	Gestational age <37 weeks 
	17.1
	42.40(1.21)*
	164.16(1.16)
	3.93(1.31)
	30.59(1.14)

	(37 weeks
	82.9
	34.34(1.12)*
	156.81(1.06)
	3.68(1.13)
	35.96(1.11)

	Parity < 2  
	38.4
	40.95(1.17)
	157.69(1.09)
	3.72(1.19)
	35.81(1.13)

	( 2
	61.6
	40.57(1.13)
	164.49(1.07)
	3.71(1.14)
	33.43(1.12)

	Environmental factors
	
	
	
	
	

	  Breast feeding Yes 
	79.4
	40.40(1.11)
	151.53(1.06)
	3.91(1.12)
	34.56(1.08)

	No
	20.6
	37.76(1.22)
	161.23(1.13)
	3.26(1.22)
	35.19(1.25)

	Incensing at home Yes
	50.8
	40.10(1.13)
	157.89(1.08) 
	3.07(1.15) 
	  29.39(1.12) 

	No
	49.2
	40.57(1.15)
	163.91(1.07)
	4.36(1.16)
	29.63(1.13)

	Prenatal ETS exposure Yes
	38.7
	44.26(1.13)
	158.59(1.07)
	4.01(1.15) 
	34.72(1.11)

	No
	61.3
	37.75(1.15)
	159.93(1.09)
	3.43(1.17)
	33.33(1.15)

	Family income per year
< 600,000 NT dollars
	20.3
	42.92(1.23)
	155.92(1.12)
	4.97(1.27)
	32.22(1.19)

	600,000-1,500,000 NT dollars
	62.0
	39.19(1.13)
	154.39(1.07)
	3.64(1.14)
	37.76(1.12)

	> 1,500,000 NT dollars
	17.7
	38.34(1.19)
	169.12(1.09)
	3.28(1.23)
	35.10(1.23)

	Urine at age 5 (n=191)
	
	
	
	
	

	Mother
	
	
	
	
	

	Maternal age < 34 years
	62.8
	22.46(1.13) 
	60.41(1.08)
	3.33(1.11)
	14.32(1.07)

	( 34 years
	37.2
	21.10(1.22)
	60.36(1.11)
	3.40(1.13)
	15.59(1.12)

	Maternal education < College
	45.8
	26.62(1.15)*
	56.42(1.09)
	3.51(1.12) 
	13.78(1.07)

	( College 
	54.2
	19.51(1.14)*
	58.94(1.08)
	3.03(1.09)
	14.26(1.08)

	Occupation  House wives
	13.8
	30.07(1.26)
	59.95(1.15)
	3.55(1.28)
	14.14(1.21)

	             Non-house wives
	86.2
	21.58(1.09)
	57.24(1.06)
	3.37(1.08)
	14.79(1.06)

	Maternal history of atopy No
	79.3
	19.80(1.09)
	57.37(1.06)
	4.47(1.08)
	12.09(1.06)

	 Yes
	20.7
	25.50(1.28) 
	63.14(1.13)
	3.28(1.23)
	14.67(1.13)

	Children
	
	
	
	
	

	Gender Male
	51.8
	21.71(1.13)
	56.33(1.07)
	3.46(1.09)
	15.13(1.09)

	Female
	48.2
	24.13(1.14)
	58.01(0.17)
	3.38(1.13)
	14.22(1.07)

	Birth weight < 2500 gm
	11.4
	52.93(1.34)*
	70.90(1.19)
	5.14(1.46)
	14.23(1.16)

	( 2500 gm
	88.6
	21.45(1.11)*
	59.66(1.06)
	3.33(1.07)
	14.25(1.06)

	Gestational age <37 weeks 
	13.9
	44.61(1.36)*
	70.86(1.17)
	5.01(1.38)
	14.40(1.14)

	(37 weeks
	86.1
	22.33(1.09)*
	59.83(1.06)
	3.31(1.07)
	14.12(1.06)

	Parity < 2  
	38.3
	23.85(1.17)
	61.51(1.09)
	4.36(1.16)
	14.48(1.09) 

	( 2
	61.7
	23.71(1.13)
	60.43(1.07)
	3.05(1.08)
	14.10(1.07)

	Environmental factors
	
	
	
	
	

	  Breast feeding Yes 
	73.5
	23.47(1.11)
	56.26(1.06)
	3.29(1.09)
	14.10(1.06)

	No
	26.5
	21.55(1.20)
	60.99(1.11)
	3.94(1.14)
	16.10(1.12)

	Incensing at home Yes
	45.2
	28.79(1.09)
	62.64(1.06)
	3.61(1.13) 
	14.95(1.08) 

	No
	54.8
	21.57(1.19)
	60.13(1.11)
	3.43(1.09)
	13.53(1.08)

	Prenatal ETS exposure Yes
	33.1
	26.60(1.13) 
	65.52(1.07)
	3.81(1.11)
	14.37(1.07)

	No
	66.9
	23.63(1.16)
	59.24(1.12)
	3.36(1.16)
	14.05(1.09)

	Family income per year

	
	
	
	
	

	< 600,000 NT dollars
	17.9
	28.24(1.22)
	52.82(1.15)
	3.36(1.19)
	11.47(1.09)

	600,000-1,500,000 NT dollars
	61.9
	25.79(1.12)
	57.17(1.07)
	3.52(1.12)
	16.45(1.08)

	> 1,500,000 NT dollars
	20.2
	15.99(1.28)
	65.78(1.16)
	3.05(1.15)
	11.94(1.21)


Abbreviations: GM, geometric mean; ETS, environmental tobacco smoke; NT, New Taiwan dollars 
*p<0.05
Table 3  Regression coefficients β (s.e.) for log-serum total IgE at 2 years of age according to log-urine phthalate metabolite concentrations at age 2 stratified by gender 
	n=218
	Log-MEP 
	P 
	Log-MBP 
	P
	Log-MBzP
	P
	Log-MEHP
	P

	Log-age 2 blood IgE (KU/l)
	
	
	
	
	
	
	
	

	Crude β (s.e.)  
	0.082(0.080)
	0.302
	0.034(0.132)
	0.798
	0.026(0.065)
	0.693
	0.194(0.084)
	0.022*

	Adjusted β (s.e.)a
	0.083(0.079)
	0.291
	0.049(0.131)
	0.708
	0.008(0.073)
	0.835
	0.191(0.085)
	0.027*

	Boys (n = 114)
	Log-MEP 
	P 
	Log-MBP 
	P
	Log-MBzP
	P
	Log-MEHP
	P

	Log-age 2 blood IgE (KU/l)
	
	
	
	
	
	
	
	

	Crude β (s.e.)   
	-0.016(0.128)
	0.903
	0.184(0.211)
	0.387
	0.024(0.085)
	0.780
	0.294(0.111)
	0.011*

	Adjusted β (s.e.)a
	-0.018(0.129)
	0.888
	0.161(0.214)
	0.456
	0.016(0.093)
	0.737
	0.256(0.118)
	0.034*

	Girls (n = 104 )
	Log-MEP 
	P 
	Log-MBP 
	P
	Log-MBzP
	P
	Log-MEHP
	P

	Log-age 2 blood IgE (KU/l)
	
	
	
	
	
	
	
	

	Crude β (s.e.)   
	0.158(0.097)
	0.110
	-0.034(0.164)
	0.835
	-0.004(0.102)
	0.966
	0.105(0.125)
	0.402

	Adjusted β (s.e.)a
	0.156(0.098)
	0.117
	-0.033(0.165)
	0.844
	-0.006(0.103)
	0.955
	0.107(0.125)
	0.397


*p<0.05
aadjusted for gestational age, maternal education, maternal history of atopy, and pre-natal ETS exposure  
Table 4  Association of atopic dermatitis at ages 2 and 5 across quartiles of urine phthalate metabolites at age 2 (n=218) 
	
	MEP (µg/g creatinine)      

	
	19.0909

(n=54)
	19.0909 to 31.2245

(n=55)
	31.2245 to 61.7582

(n=54)
	61.7582

(n=54)

	2y AD Crude OR (95% CI)  
	1.00
	1.03(0.42-2.48)
	1.33(0.57-3.12)
	1.45(0.62-3.38)

	2y AD Adjusted OR (95% CI)a
	1.00
	1.20(0.46-3.10)
	1.36(0.53-3.48)
	1.33(0.52-3.41)

	5y AD Crude OR (95% CI)  
	1.00
	1.23(0.47-3.21)
	1.67(0.65-4.28)
	1.63(0.65-4.12)

	5y AD Adjusted OR (95% CI)a
	1.00
	1.32(0.48-3.63)
	1.88(0.70-5.00)
	1.82(0.68-4.86)

	
	MBP (µg/g creatinine)

	
	98.0851

(n=54)
	98.0851 to 158.8043

(n=54)
	158.8043 to 237.9412

(n=55)
	237.9412

(n=54)

	2y AD Crude OR (95% CI)  
	1.00
	0.91(0.38-2.17)
	1.59(0.70-3.62)
	0.88(0.37-2.12)

	2y AD Adjusted OR (95% CI)a
	1.00
	0.71(0.27-1.85)
	1.09(0.44-2.73)
	0.75(0.29-1.93)

	5y AD Crude OR (95% CI)  
	1.00
	0.81(0.32-2.06)
	0.90(0.36-2.27)
	0.89(0.36-2.21)

	5y AD Adjusted OR (95% CI)a
	1.00
	0.62(0.23-1.66)
	0.86(0.33-2.21)
	0.80(0.31-2.05)

	
	MBzP (µg/g creatinine)

	
	1.9048

(n=55)
	1.9048 to 4.4776

(n=54)
	4.4776 to 8.2000

(n=55)
	8.2000

(n=54)

	2y AD Crude OR (95% CI)  
	1.00
	1.14(0.46-2.79)
	0.98(0.40-2.42)
	2.52(1.09-5.80)*

	2y AD Adjusted OR (95% CI)a
	1.00
	1.10(0.44-2.69)
	0.93(0.37-2.31)
	2.50(1.08-5.79)*

	5y AD Crude OR (95% CI)  
	1.00
	1.22(0.48-3.10)
	0.65(0.24-1.74)
	2.03(0.83-4.94)

	5y AD Adjusted OR (95% CI)a
	1.00
	1.12(0.43-2.88)
	0.59(0.22-1.61)
	1.98(0.81-4.87)

	
	MEHP (µg/g creatinine)

	
	17.2222

(n=54)
	17.2222 to 32.7273

(n=57)
	32.7273 to 71.3208

(n=53)
	71.3208

(n=54)

	2y AD Crude OR (95% CI)  
	1.00
	1.37(0.58-3.25)
	1.48(0.62-3.53)
	1.44(0.60-3.43)

	2y AD Adjusted OR (95% CI)a
	1.00
	1.38(0.53-3.56)
	1.79(0.68-4.67)
	1.31(0.50-3.45)

	5y AD Crude OR (95% CI)  
	1.00
	1.69(0.65-4.37)
	1.94(0.73-5.16)
	2.04(0.80-5.21)

	5y AD Adjusted OR (95% CI)a
	1.00
	1.66(0.62-4.44)
	1.64(0.60-4.49)
	1.76(0.67-4.64)


Abbreviations: OR, odds ratio; CI, confidence interval 
*p<0.05
aadjusted for gender, gestational age, maternal education, maternal history of atopy, and pre-natal ETS exposure
Figure legend 

Fig. 1. Urine phthalate metabolites concentrations (geometric mean) at different stages. 
Asterisk(*) denotes p<0.05 
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