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Abstract 

Background: Prenatal exposure to bisphenol A (BPA) affects immune system and promotes 

allergy and asthma in mice, but findings in human studies are limited. We investigated whether 

prenatal exposure to BPA is associated with increased risk of allergic diseases in infants. 

Methods: We measured BPA concentrations in maternal urine samples collected at delivery 

from 412 women in Wuhan, China. The occurrence of allergic diseases including eczema and 

wheeze were assessed at age 6 months through questionnaires. We used logistic regression to 

evaluate the association between urinary BPA levels and the risk of allergic diseases. 

Results: Mothers of infants with allergic diseases had significantly higher urinary BPA levels 

than those of infants without allergic diseases (median: 2.35 vs. 4.55 µg/l, P = 0.03). Increased 

risk of infant allergic diseases was associated with creatinine-adjusted maternal urinary BPA 

concentrations. And this association was limited to females (OR = 1.36; 95% CI: 1.10-1.79) 

rather than males. After stratification by maternal age, the association was only significant in 

infants of mothers who were younger than 25 years old (OR = 1.90; 95% CI: 1.09-3.29). 

Conclusion: Prenatal exposure to BPA may potentially increase the risk of allergic diseases at 

very early life in female infants. 
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Introduction 

The prevalence of allergic diseases worldwide is increasing dramatically in both developed and 

developing countries and children are bearing the greatest burden of the rising trend (1). The 

potential role of early-life chemical exposures in allergic diseases has gained far less interest in 

comparison to factors such as inheritance, diet and lifestyle. However, there is increasing 

evidence that such exposure in the prenatal period may have a significant impact on the 

development of immune system. For example, it is clear that maternal smoking during pregnancy 

influences fetal immune development and contributes to increased risk of asthma and allergies in 

children (2). Recent attention has been turned to the endocrine disrupting chemicals (EDCs), to 

which virtually all people are exposed (3).  

Bisphenol A (BPA), a kind of EDCs, is used in the manufacture of numerous daily products, and 

exposures to BPA are ubiquitous around the world (4). BPA can easily cross the placenta (5), 

which highlights the fetal exposure and potential harmful effects of BPA exposure during this 

critical period. Prenatal BPA exposure has been suggested to have effects on the immune 

function in the offspring in experimental studies. T helper 1 and 2 immune responses are 

augmented by prenatal exposure to BPA (6). Allergic sensitization induced allergic airway 

inflammation were reported in the offspring prenatally exposed to BPA (7). In addition, perinatal 

BPA exposure in rats perturbed the naive immune system and led to food intolerance in 

adulthood (8). However, epidemiological data regarding associations between prenatal BPA 

exposure and allergic diseases are limited. A cohort study of 398 mother-children pairs reported 

that high (2.2 µg/g creatinine) maternal urinary BPA at 16 pregnant weeks were associated with 

increased odds of children’s wheeze before 3 years of age. In Spain, prenatal BPA exposure has 

been found positively associated with the relative risks of respiratory tract infections and asthma     
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throughout the childhood (9). However, a higher maternal urinary BPA was reported to be 

inversely associated with wheeze at age 5 years (10).  

In light of the accumulating but inconsistent evidence regarding the association between prenatal 

BPA exposure and allergic diseases, we aimed to investigate whether prenatal exposure to BPA 

is associated with allergic diseases during the first 6 months of life in a prospective birth cohort. 

Methods 

Study population  

The present study was conducted at Wuhan Women and Children Medical Care Center, a major 

maternity hospital in Wuhan, China. Pregnant women were invited to participate in this study at 

the admission for delivery if they satisfied the following conditions: i) aged 20 years or older; ii) 

have a singleton gestation; iii) residence in Wuhan during the recruitment period; and iv) 

willingness to be followed up. Six hundred and seventy-nine mother-infant pairs were recruited 

from November 2012 to April 2014 and all of them were provided with written informed consent 

at enrollment. Among them, 532 had donated urinary samples and had completed baseline 

questionnaires. From these, we extracted 423 participants who had completed follow-up 

questionnaires at 6 months after birth. After excluding 11 women whose urinary samples 

showing extremely low or high concentrations of creatinine (< 0.3 g/l or > 3 g/l) (11), a total of 

412 participants were included. Participants in this analytic population had similar demographics 

and other key covariates to the original 679 women (Supplemental Table S1, online). Besides, 

the selection process was shown in Figure 1. The research protocol was approved by the ethics 

committee of the Tongji Medical College, Huazhong University of Science and Technology.  

Exposure assessment 
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We assessed prenatal BPA exposure using maternal urinary BPA concentrations. Maternal 

urinary samples were collected immediately after the women admitted to the hospital (within 3 

days before delivery) and stored in polypropylene tubes at -20 degree Celsius. 

The total BPA (free plus conjugated form) was measured as previously described (12), using 

ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS, Waters 

Acquity UPLC system and Waters TQD triple quadrupole tandem mass spectrometer, Waters 

Corporation, Maple Street Milford, Massachusetts). The limit of detection (LOD) was 0.2 µg/l. 

The regression coefficient of calibration standards with concentrations ranging from 0.1 to 100 

ng/ml was greater than 0.995. The samples with concentrations above the calibration range 

would be further diluted with methanol to reanalyze. Mean recoveries of BPA spiked into sample 

matrices was 95 ± 9%. A mid-point calibration standard and methanol blank were injected after 

every 10 samples to monitor for drift in instrumental response and carry-over from previous 

injections. Acceptable accuracy was in the range of 85-115% for mid-point calibration standard. 

Urine creatinine was analyzed using a creatinine kit (Mindray CREA Kit, Sarcosine Oxidase 

Method, Shenzhen, China) by an automatic biochemical analyzer (BS-200, Mindray, Shenzhen, 

China). The creatinine adjusted urinary BPA concentrations were expressed as µg/g creatinine to 

control for various urine dilutions. 

Outcome measurement 

We employed trained research assistants to assess the infant’s allergies by interviewing the 

parents using a structured questionnaire. The interviews were conducted at 6 months after birth 

over the telephone. Allergic diseases we studied included eczema and wheeze. Eczema was 

identified by positive answers to both two questions based on the International Study of Asthma 

and Allergies in Childhood questionnaire: “Has your child had an itchy skin rash, which was 
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coming and going, at any time in the past 6 months?”, “If yes, has this itchy rash affected any of 

the following places: the fold of elbows, behind the knees, in front of the ankles, under the 

buttocks, or around the neck, ears, or eyes?”, or a positive answer to the single question “Has 

you child ever had been diagnosed as eczema by a doctor?”. Wheeze was identified by a positive 

answer to the question: “Has your child had wheezing or whistling in the chest in the past 6 

months?”.  

Covariates 

Baseline information was obtained from standardized face-to-face interviews with the 

participants conducted by trained nurses within three days before or after delivery. The baseline 

information included maternal demographic characteristics (date of birth, ethnicity, marital 

status, and self-reported weight before pregnancy), socioeconomic (education, occupation, 

household income), and lifestyle information (alcohol and tobacco exposure). Passive smoking 

was defined as exposure to secondhand smoke on at least one occasion per week, for at least 30 

min per occasion, either in the home or in public places. Maternal weight at delivery, height, 

mode of delivery, infants’ birth date, gender, and gestational age were all retrieved from medical 

records. We also collected feeding method and infant tobacco exposure from the follow-up 

interviews.   

Statistical analysis 

We performed descriptive statistics first. For comparisons between continuous variables, 

independent t-tests or nonparametric tests were used depending on the distributions, and χ2 or 

Fisher’s exact tests were used for categorical variables. When BPA concentrations were below 

the LOD, we replaced these values with the LOD divided by square root of 2 (13). The 

distributions of unadjusted and creatinine-adjusted BPA concentrations were tested using 
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Kolmogorov-Smirnov normality test, and were found to be skewed. So we used log-transformed 

creatinine-adjusted BPA concentrations (lnBPAcs) to reduce the influence of outlying values. 

We performed crude and adjusted logistic regression analyses to evaluate the associations of 

prenatal urinary BPA levels with the risk of developing any one of the symptoms (eczema and 

wheeze), and lnBPACS was used as a continuous variable. We first performed bivariate analyses 

to evaluate the association of lnBPACS and potential confounders with allergic diseases. 

Variables considered to be confounders were selected based on either biologic plausibility or if 

they predicted allergic diseases with a P-value ≤ 0.2 in bivariate analysis. Maternal age and 

parity were highly correlated (r > 0.50) and maternal age was more strongly associated with 

outcomes than was parity, so we adjusted for maternal age only. In addition, because only 1 

woman raised a pet during pregnancy and only 2 infants in this study were reported to be 

exposed to tobacco smoking, maternal pet keeping and infant tobacco exposure were not 

included.  

Model 1 was performed using crude logistic regression analyses to estimate the association 

between the lnBPACS and allergic diseases. In model 2, we adjusted only for variables from 

mothers, including mother’s age at delivery, level of education, body mass index (BMI), passive 

smoking and vitamin D supplementation during pregnancy. In model 3, we entered variables 

from both mothers and infants, which included mother’s age at delivery, level of education, BMI, 

passive smoking and vitamin D supplementation during pregnancy, mode of delivery, gestational 

weeks, infant gender, body weight at follow-up, and feeding characteristics.  

In the sensitivity analysis, we ran these three models among the 348 full term infants (gestational 

age ≥ 37 weeks), to eliminate the potential effects of preterm birth. The statistical analyses were 

performed with SAS (version 9.4; SAS Institute Inc., Carry NC). A P-value < 0.05 was 

Accepted m
anuscrip

t



ACCEPTED ARTICLE PREVIEW 

© 2017 International Pediatric Research Foundation, Inc. All rights reserved 

considered statistically significant. 

Results 

Among the 412 participants, there were 38 mothers of infants with allergic diseases and 374 

without allergic diseases (Table 1). Compared to those without allergic diseases, mothers of 

infants with allergic diseases were younger (27.1 years old vs. 29 years old), had lower BMI 

before pregnancy (18.9 kg/m2 vs. 19.9 kg/m2), and a higher proportion of vaginal delivery (21.1 

percent vs. 7.8 percent). Mothers of infants with allergic diseases gained slightly more weight 

during pregnancy than those without allergic diseases (17.8 kg/m2 vs. 17.0 kg/m2), had a mildly 

lower percentage in vitamin D supplement during pregnancy (47.4 percent vs. 50.0 percent), and 

a mildly higher percentage of who were first time mothers (89.5 percent vs. 80.7 percent). The 

proportions of mothers whose infants with and without allergic diseases in education levels, 

occupation status, household income levels, tobacco smoking, and passive smoking during 

pregnancy were similar. The percentage of female newborns with allergic diseases was higher 

than those without allergic diseases (60.5 percent vs. 47.1 percent). The proportions of preterm 

birth and feeding patterns for the infants with and without allergic diseases were comparable. 

Besides, the average birth weight (3.1 ± 0.6 kg vs. 3.0 ± 0.5 kg) and weight at 6 months (8.4 ± 

1.2 kg vs. 8.5 ± 1.1 kg) of infants with allergic disease were similar to those without allergic 

diseases. 

BPA was detected in 90% of the urinary samples in the present study. The median of the un-

adjusted and creatinine-adjusted BPA concentrations in maternal urine were 2.45 µg/l and 4.99 

µg/g creatinine, respectively (Table 2). The mothers of infants with allergic diseases had 

significantly higher un-adjusted and creatinine-adjusted BPA levels in comparison with those of 

infants without allergic diseases (median: 4.55 vs. 2.35 µg/l, P = 0.03).  
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The frequency of infants with any of the allergic diseases (eczema, wheeze, or both) during the 

first 6 months was 9.2% (Table 3). The numbers of infants with eczema was 26 (6.3%), and 

wheeze 14 (3.4%). There was a significant difference in the frequencies of allergic diseases 

between males and females when taking all the cases into consideration, while no significant 

differences in the frequencies of eczema- or wheeze-only were found between males and 

females. 

In the crude model or after adjustment for variables from mothers, the lnBPACS was not 

associated with the development of allergic disease, except for a positive association between 

urinary lnBPAcs and the risk of allergic diseases among female infants in the model adjusted for 

maternal variables (Table 4). After the variables from infants were included, one unit increase in 

the lnBPACS was associated with an increase of 21% in the risk of allergic diseases (odds ratio 

(OR), 1.21; 95% confidence interval (CI): 1.02-1.47; P = 0.04). We then ran stratified analysis 

by infant gender. Among female infants, the risk of allergic diseases was significantly associated 

with lnBPACS when adjusted for confounders from both mothers and infants (OR, 1.36; 95% CI: 

1.10-1.79; P = 0.03), while no significant association was found among male infants in the crude 

or any adjusted models. 

Among the infants whose mothers were younger than 25 years of age at delivery, ORs for the 

lnBPACS and allergic diseases increased after incorporation of the confounders from mothers and 

infants (Table 5). In the crude model, the OR was 1.30 (95%CI: 0.88-1.92; P = 0.18). When 

confounders from mothers and infants were incorporated, the adjusted ORs were 1.51 (95% CI: 

1.03-2.26; P = 0.07) and 1.90 (95% CI: 1.09-3.29; P = 0.02), respectively. Among the group of 

maternal age ≥ 25 years, no association between the lnBPACS and risk of allergic diseases was 

found in any model.  
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In the sensitivity analysis that only included full term infants, the effect of maternal BPA on the 

risk of allergic diseases seemed more pronounced among females, given that the associations in 

the crude and adjusted analyses were all statistically significant (Supplemental Table S2, online). 

The ORs for total or male infants were similar with that when included all the preterm and full 

term infants.  

Discussion 

In this cohort study, we evaluated the relationship between prenatal exposure to BPA, estimated 

by measuring maternal urinary BPA concentration, and infant’s allergic diseases during the first 

6 months of life. We found that creatinine-adjusted urinary BPA concentrations in maternal urine 

during pregnancy were associated with an increase in the risk of developing allergic diseases as 

seen in cases with eczema, wheeze, or both, and the associations appeared to be limited to female 

infants, with little evidence of effects in male infants. 

Our results are consistent with two previous cohort studies, where positive associations between 

maternal urinary BPA levels and wheeze (9,14), chest infections and bronchitis (9) in childhood 

were found. On the contrary, a cohort study from New York reported that higher urinary BPA 

concentrations measured during the third trimester of pregnancy were associated with a reduced 

risk of wheeze at 5 years of age (10). Divergence in the population, exposure assessment and 

outcome measures from these four studies including the present study are summarized in 

Supplemental Table S3, online. One potential explanation for the different findings might be 

related to the timing of the outcome measurement. In Spanier et al.’s study (14), the maternal 

urinary BPA was associated with wheeze at 6 months but not 3 years of age, whereas the New 

York cohort investigators reported the inverse association at age 5 years (10). In the present 

study, we identified an association between higher maternal BPA levels and allergic diseases 
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during the first 6 months, which is also in the very early life. Another possible explanation might 

lie in the difference in the timing of the exposure assessment. The vulnerability of fetal 

developing immune system varies across different periods of pregnancy (15). Spanier et al. (14) 

assessed BPA exposure during the second trimester, and Gascon et al. (9) used the average of 

first- and third-trimester BPA levels. Donohue et al.’s (10) and the present study both assessed 

BPA exposure during the third trimester. 

Some direct mechanistic links by which prenatal exposure to BPA may affect the immune 

system have been suggested by experimental studies. In murine studies, prenatal BPA exposure 

led to increased anti-ovalbumin IgE levels (16), IgG levels, splenic IFN-γ, and 

CD4(+)CD44(high)CD62L(low) T lymphocytes activation (8), and the imbalance between T 

helper 2 and regulatory T-cell (17). However, because we found a sex difference in the 

associations between maternal BPA levels and the risk of allergic diseases, these mechanisms 

may only partly explain the present finding. Another possible explanation may be the endocrine-

disrupting properties of BPA. The estrogen has long been suggested to play an active role in 

allergic diseases (18). BPA can bind to classical and non-classical estrogen receptors to disrupt 

estrogen’s function (19), and the response of immune cells to estrogen differs between males and 

females (20). However, some immunoregulatory cells in males and females differ in levels of 

estrogen receptor, but others do not (21). Thus, further investigation of the potential sex-

dependent differences in the effect of prenatal BPA exposure on allergic diseases is needed.  

We also found an age specific effect that the associations between maternal BPA levels and the 

risk of allergic diseases were only apparent in women who were younger than age 25 years at 

delivery, which is consistent with previous findings that young maternal age is a risk factor for 

the development of wheeze or asthma (22,23). Higher maternal age has been associated with 
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more pregnancies and siblings, which is associated with lower risk for asthma (24). However, 

near 82% of the women in this study were primiparous. The other possible explanations are that 

higher maternal age may reflect changes in behavior during the pregnancy and in care taking of 

the child after birth (22).    

In comparison with the studies investigating prenatal BPA exposure and allergy in childhood, 

our population have similar urinary BPA concentrations to the pregnant women in Gascon et 

al. (9) and Spanier et al.’s (14) studies, and are slightly higher than pregnant women from New 

York City, USA (10) (Supplemental Table S3, online). For other published data from pregnant 

women, urinary BPA concentrations in this study were of similar magnitude as those in France 

(median 2.4 µg/l) (25), Puerto Rico, USA (median: 2.5 µg/l) (26), and Cincinnati, USA (median: 

2.1 µg/l) (27), and were a little higher than Greece (median: 1.2 µg/l) (28), and Korea (median: 

1.08 µg/l) (29). The maternal urinary BPA levels in this study were also comparable to the non-

pregnant women (median: 1.73 µg/l) in Tianjin, China (30), but slightly higher than the pregnant 

women (median: 0.67 µg/l) in a study from Nanjing, China (31).  

The incidences of infant allergic diseases during the first 6 months of life in the present study 

were lower than those reported in the previous studies (9,14). In this study, the assessment of the 

occurrence of allergic diseases was conducted by telephone interviews using questionnaires, 

which may be under- or over- reported. However, the relative low incidence of allergic diseases 

is consistent with the reports that the prevalence of asthma is lower in the Chinese population 

than that in US people (32-34).   

A limitation of this study is that the use of one spot maternal urinary BPA concentration may not 

reflect prenatal BPA exposure accurately, because of the short half-life of BPA and relative low 

reproducibility of BPA concentrations during pregnancy (35).   
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Another limitation is the absence of information on maternal history of asthma/allergy. However, 

the prevalence rate of asthma in Chinese adult is as low as 1.24% (36), which means there may 

be 5 women have asthma in this study. Besides, a previous study has reported the prevalence rate 

of allergic diseases in Chinese infants aged 0-2.9 years old and 3-5.9 years old were 7.62% and 

7.79%, respectively (37), another research represented the prevalence of asthma and eczema in 

Chinese children aged 3 -16 years old were 3.3% and 5.5% (38), those rates were comparable to 

that of our population in this study (9.22%). Thus, we believe the associations between maternal 

BPA concentrations and allergic diseases we found is reliable.  

Conclusion 

We found a positive association between maternal urinary BPA concentrations and the risk of 

infant allergic diseases during the first 6 months of life, which was apparent only in female 

infants but not males. While these findings will need further verification in future studies, our 

data highlighted the concern on the potential health effects of BPA exposure during pregnancy.  
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Figure legends 

Figure 1: Flow chart representing the process for the original population and selection to analytic 

population. The gray boxes show the participants excluded from the study. 
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Table 1. Characteristics of the studied mother-infant pairs 

Characteristics 
Total  

(n = 412) 

Allergic diseases 

(n = 38) 

No allergic diseases 

(n = 374) 

P 

value 

Mothers     

 Age (y), mean (SD) 28.9 (4.6) 27.1 (3.6) 29 (4.6) 0.01a 

  < 25 (%) 69 (16.7) 10 (26.3) 59 (15.8)  

  25-29 (%) 169 (41.0) 16 (42.1) 153 (40.9)  

  30-34 (%) 132 (32.0) 11 (28.9) 121 (32.4)  

  ≥ 35 (%) 42 (10.2) 1 (2.6) 41 (11.0)  

 BMI before pregnancy (kg/m2), mean (SD) 19.8 (3.5) 18.9 (3.4) 19.9 (3.5) 0.07a 

  < 18.5 (%) 128 (31.1) 16 (42.1) 112 (29.9)  

  18.5-23.9 (%) 243 (59.0) 21 (55.3) 222 (59.4)  

  ≥ 24 (%) 41 (10.0) 1 (2.6) 40 (10.7)  

 Pregnancy weight gain (kg), mean (SD) 17.1 (6.6) 17.8 (5.1) 17.0 (6.7) 0.50a 

 Parity, primiparous (%) 336 (81.6) 34 (89.5) 302 (80.7) 0.40b 

 Vitamin D supplement in pregnancy (%) 205 (49.8) 18 (47.4) 187 (50.0) 0.12b 

 Delivery, vaginal (%) 39 (9.5) 8 (21.1) 29 (7.8) 0.01c 

 Education    0.95b 

  Less than high school 64 (15.5) 6 (15.8) 58 (15.5)  

  High school 99 (24.0) 9 (23.7) 90 (24.1)  

  More than high school 249 (60.4) 23 (60.5) 226 (60.4)  

 Occupation, employed (%) 350 (85.0) 32 (84.2) 318 (85.0) 0.81b 

 Household income    0.98b 

  < 50,000 yuan per year 213 (51.7) 20 (52.6) 193 (51.6)  

  ≥ 50,000 yuan per year 199 (48.3) 18 (47.4) 181 (48.4)  

 Tobacco smoking during pregnancy 1 (0.2) 1 (2.6) 0 (0.0) 0.75c 

 Passive smoking during pregnancy 87 (21.1) 8 (21.1) 79 (21.1) 0.73b 
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 Alcohol drinking during pregnancy 1 (0.2) 1 (2.6) 0 (0.0) 0.76c 

Newborns     

 Sex, female (%) 199 (48.3) 23 (60.5) 176 (47.1) 0.13b 

 Gestational age (weeks)     

  < 37 64 (15.5) 6 (15.8) 58 (15.5) 0.96b 

  ≥ 37 348 (84.5) 32 (84.2) 316 (84.5) 0.96b 

 Birth weight (kg)  3.1 (0.5) 3.1 (0.6) 3.0 (0.5) 0.36a 

 Weight at 6 months (kg) 8.5 (1.1) 8.4 (1.2) 8.5 (1.1) 0.42a 

 Feeding during the first 6 months     0.60b 

  Breast feeding only 128 (31.1) 8 (21.1) 115 (30.7)  

  Mixed feeding  87 (21.1) 13 (34.2) 79 (21.1)  

   Formula feeding 197 (47.8) 17 (44.7) 180 (48.1)  

aIndependent t-test. 

b
χ

2 Test. 

cFisher's exact test. 
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Table 2. Urinary concentrations of BPA in pregnant women 

Concentration N AM GM Min 50th 95th Max 

Unadjusted BPA (µg/l)        

Total 412 8.46 2.35 < LOD 2.45 35.17 201.05 

Allergic diseasesa 38 10.40 4.16 < LOD 4.55* 51.07 53.35 

No allergic diseases 374 8.27 2.22 < LOD 2.35 34.98 201.05 

Creatinine-adjusted  

BPA (µg/g Creatinie) 
       

Total 412 21.65 4.71 < LOD 4.99 104.64 256.18 

Allergic diseasesa 38 24.80 6.71 < LOD 6.69† 113.05 248.93 

No allergic diseases 374 21.33 4.54 < LOD 4.80 104.56 256.18 

AM: arithmetic mean; GM: geometric mean; Min: Minimum; Max: Maximum 

a“Allergic diseases” means cases with at least one of the listed symptoms.  

*P = 0.03, compared with the concentration in infants without allergic diseases using Wilcoxon 

rank sum test. 

†P = 0.04, compared with the concentration in infants without allergic diseases using Wilcoxon 
rank sum test.  Accepted m
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Table 3. Incidences of allergic diseases in infants during the first 6 months 

Total (n = 412)  Male (n = 213)  Female (n = 199) 
Symptoms  

n %  n %  n % 
P Valuea 

Allergic diseasesb 38 9.2 15 7.0 23 11.6 0.04 

Eczema 26 6.3 11 5.2 15 7.5 0.10 

Wheeze 14 3.4 5 2.3 9 4.5 0.17 

aFisher’s exact test. 

b“Allergic diseases” means cases with at least one of the listed symptoms.  
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Table 4. Logistic regression analyses of the associations between maternal BPA levels and 

allergic diseases. 

Total (n = 412)  Male (n = 213)  Female (n = 199) 
Model 

ORa (95% CIb) P Value  ORa (95% CIb) P Value  ORa (95% CIb) P Value 

Unadjustedc 1.12 (0.95-1.33) 0.17  1.07 (0.82-1.39) 0.63  1.17 (0.94-1.46) 0.17 

Adjustedd 1.13 (0.93-1.42) 0.12  1.06 (0.81-1.38) 0.61  1.19 (0.99-1.61) 0.09 

Adjusted+infant 

variablese 
1.21 (1.02-1.47)  0.04  1.06 (0.81-1.39)  0.67  1.36 (1.10-1.79)  0.03 

 aOR: odds ratio; bCI: confidence interval; cCrude logistic regression model;  

 dAdjusted for mother’s age at delivery, level of education, BMI, passive smoking and vitamin D 

supplementation during pregnancy.  

 eAdjusted for mother’s age at delivery, level of education, BMI, passive smoking and vitamin D 

supplementation during pregnancy, mode of delivery, gestational weeks, infant’s gender, body 

weight at follow-up, and feeding characteristics. In the stratified analysis for male and female 

infants, infant’s gender was excluded from the confounders. 
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Table 5. Logistic regression analyses of the associations between maternal BPA levels and 

allergic diseases, stratified by maternal age at delivery.  

< 25 years (n = 69)  ≥ 25 years (n = 343) 
Model 

ORa (95% CIb) P Value  ORa (95% CIb) P Value 

Unadjustedc 1.30 (0.88-1.92) 0.18  1.09 (0.91-1.33) 0.33 

Adjustedd 1.51 (1.03-2.26) 0.07  1.10 (0.91-1.33) 0.34 

Adjusted+infant variablese 1.90 (1.09-3.29) 0.02  1.12 (0.92-1.37) 0.25 

 aOR: odds ratio; bCI: confidence interval; cCrude logistic regression model;  

dAdjusted for maternal level of education, BMI, passive smoking and vitamin D supplementation 

during pregnancy.  

eAdjusted for maternal level of education, BMI, passive smoking and vitamin D supplementation 

during pregnancy, mode of delivery, gestational weeks, infant’s gender, body weight at follow-

up, and feeding characteristics. 
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Figure 1 
 

 


